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4.  AUGUSTA  BAY 


QUALIFIED  REQUESTORS  MAY  OBTAIN  ADDITIONAL  COPIES 
FROM  THE  DEFENSE  TECHNICAL  INFORMATION  CENTER. 

ALL  OTHERS  SHOULD  APPLY  TO  THE  NATIONAL  TECHNICAL 
INFORMATION  SERVICE. 
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FOREWORD 


This  handbook  on  liedi  terranean  Ports  was 
developed  as  part  of  an  ongoing  effort  at  the  Naval 
Environmental  Prediction  Research  Facility  to  create 
products  for  direct  application  to  Fleet  operations. 
The  research  was  conducted  in  response  to  Commander 
Naval  Oceanography  Command  (CNOC)  requirements  validated 
by  the  Chief  of  Naval  Operations  (CNO) . 


As  mentioned  in  the  preface,  the  Medi terranean 
region  is  unique  in  that  several  areas  exist  where  local 
winds  can  cause  dangerous  operating  conditions.  This 
handbook  will  provide  the  ship's  captain  with  assistance 
in  making  decisions  regarding  the  disposition  of  his 
ship  when  heavy  winds  and  seas  are  encountered  or 
forecast  at  various  port  locations. 


Readers  are  urged  to  submit  comments,  suggestions 
for  changes,  deletions  and/or  additions  to  NOCC,  Rota 
with  a  copy  to  the  oceanographer ,  COMSIXTHFLT.  They 
will  then  be  passed  on  to  the  Naval  Environmental 
Prediction  Research  Facility  for  review  and 
incorporation  as  appropriate.  This  document  will  be  a 
dynamic  one,  changing  and  improving  as  more  and  better 
information  is  obtained. 


M.  B.  SALINAS 
Commander,  U.S.  Navy 


PORT  INDEX 


The  following  is  a  tentative  prioritized  list  of 
Mediterranean  Ports  to  be  evaluated  during  the  five-year  period 
1988-92,  with  ports  grouped  by  expected  year  of  the  port  study's 
publication.  This  list  is  subject  to  change  as  dictated  by 
circumstances  and  periodic  review. 


1988  NO.  PORT 


1990  PORT 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


1989 


GAETA,  ITALY 
NAPLES,  ITALY 
CATANIA,  ITALY 
AUGUSTA  BAY,  ITALY 
CAGLIARI,  ITALY 
LA  MADDALENA,  ITALY 
MARSEILLE,  FRANCE 
TOULON,  FRANCE 
VILLEFRANCHE,  FRANCE 
MALAGA,  SPAIN 
NICE,  FRANCE 
CANNES,  FRANCE 
MONACO 

ASHDOD,  ISRAEL 
HAIFA,  ISRAEL 
BARCELONA,  SPAIN 
PALMA,  SPAIN 
IBIZA,  SPAIN 
POLLENSA  BAY,  SPAIN 
VALENCIA,  SPAIN 
CARTAGENA,  SPAIN 
GENOA,  ITALY 
LIVORNO,  ITALY 
SAN  REMO,  ITALY 
LA  SPEZIA,  ITALY 
VENICE,  ITALY 
TRIESTE,  ITALY 

PORT 


BENIDORM,  SPAIN 
ROTA,  SPAIN 
TANGIER,  MOROCCO 
PORT  SAID,  EGYPT 
ALEXANDRIA,  EGYPT 
ALGIERS,  ALGERIA 
TUNIS,  TUNISIA 
GULF  HAMMAMET,  TUNISIA 
GULF  OF  GABES,  TUNISIA 
SOUDA  BAY,  CRETE 

1991  PORT 


PIRAEUS,  GREECE 
KALAMATA,  GREECE 
THE  S  SALON I K I ,  GREECE 
CORFU,  GREECE 
KITHIRA,  GREECE 
VALETTA,  MALTA 
LARNACA,  CYPRUS 

1992  PORT 


ANTALYA,  TURKEY 
ISKENDERUN,  TURKEY 
IZMIR,  TURKEY 
ISTANBUL,  TURKEY 
GOLCUK,  TURKEY 
GULF  OF  SOLLUM 


SPLIT,  YUGOSLAVIA 
DUBROVNIK,  YUGOSLAVIA 
TARANTO,  ITALY 
PALERMO,  ITALY 
MESSINA,  ITALY 
TAORMINA,  ITALY 
PORTO  TORRES,  ITALY 
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PREFACE 


Environmental  phenomena  such  as  strong  winds, 
high  waves,  restrictions  to  visibility  and  thunderstorms 
can  be  hazardous  to  critical  Fleet  operations.  The  cause 
and  effect  of  several  of  these  phenomena  are  unique  to 
the  Medi terranean  region  and  some  prior  knowledge  of 
their  characteristics  would  be  helpful  to  ship's 
captains.  The  intent  of  this  publication  is  to  provide 
guidance  to  the  captains  for  assistance  in  decision 
making. 

The  Medi terranean  Sea  region  is  an  area  where 
complicated  topographical  features  influence  weather 
patterns.  Katabatic  winds  will  flow  through  restricted 
mountain  gaps  or  valleys  and,  as  a  result  of  the  venturi 
effect,  strengthen  to  storm  intensity  in  a  short  period 
of  time.  As  these  winds  exit  and  flow  over  port  regions 
and  coastal  areas,  anchored  ships  with  large  'sail  areas' 
may  be  blown  aground.  Also,  hazardous  sea  state 
conditions  are  created,  posing  a  danger  for  small  boats 
ferrying  personnel  to  and  from  port.  At  the  same  time, 
adjacent  areas  may  be  relatively  calm.  A  glance  at 
current  weather  charts  may  not  always  reveal  the  causes 
for  these  local  effects  which  vary  drastically  from  point 
to  point. 


Because  of  the  irregular  coast  line  and  numerous 
islands  in  the  Mediterranean,  swell  can  be  refracted 
around  such  barriers  and  come  from  directions  which  vary 
greatly  with  the  wind.  Anchored  ships  may  experience 
winds  and  seas  from  one  direction  and  swell  from  a 
different  direction.  These  conditions  can  be  extremely 
hazardous  for  tendered  vessels.  Moderate  to  heavy  swell 
may  also  propagate  outward  in  advance  of  a  storm 
resulting  in  uncomfortable  and  sometimes  dangerous 
conditions,  especially  during  tending,  refueling  and 
boating  operat i ons. 


This  handbook  addresses  the  various  weather 
conditions,  their  local  cause  and  effect  and  suggests 
some  evasive  action  to  be  taken  if  necessary.  Most  of 
the  major  ports  in  the  Medi terranean  will  be  covered  in 
the  handbook.  A  priority  list,  established  by  the  Sixth 
Fleet,  exists  for  the  port  studies  conducted  and  this 
list  will  be  followed  as  closely  as  possible  in  terms  of 
schedul ing  publ i cations. 
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GENERAL  GUIDANCE 


1.  1  DESIGN 

This  handbook  is  designed  to  provide  ship 
captains  with  a  ready  reference  on  hazardous  weather  and 
wave  conditions  in  selected  Mediterranean  harbors. 

Section  2,  the  captain's  summary,  is  an  abbreviated 
version  of  section  3,  the  general  information  section 
intended  for  staff  planners  and  meteorologists.  Once 

section  3  has  been  read,  it  is  not  necessary  to  read 
section  2. 

1.1.1  Objectives 

The  basic  objective  is  to  provide  ship  captains 
with  a  concise  reference  of  hazards  to  ship  activities 
that  are  caused  by  environmental  conditions  in  various 
Mediterranean  harbors,  and  to  offer  suggestions  for 

precautionary  and/or  evasive  actions.  A  secondary 

objective  is  to  provide  adequate  background  information 
on  such  hazards  so  that  operational  forecasters,  or  other 
interested  parties,  can  quickly  gain  the  local  knowledge 
that  is  necessary  to  ensure  high  quality  forecasts. 

1.1.2  Approach 


Information  on  harbor  conditions  and  hazards  was 
accumulated  in  the  following  manner: 

A.  A  literature  search  for  reference  material 
was  performed. 

B.  Cruise  reports  were  reviewed. 

C.  Navy  personnel  with  current  or  previous  area 
experience  were  interviewed. 

D.  A  preliminary  report  was  developed  which 
included  questions  on  various  local  con¬ 
ditions  in  specific  harbors. 
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E.  Port/harbor  visits  were  made  by  NEPRF 
personnel;  considerable  information  was 

obtained  through  interviews  with  local 
pilots,  tug  masters,  etc;  and  local  reference 
material  was  obtained  <S,ee  section  3 

ref erences) . 

The  cumulative  information  was  reviewed, 
combined,  and  condensed  for  harbor  studies. 

1»1»3  Organization 


B. 


The  Handbook  contains  two  sections  for  each 
harbor.  The  first  section  summarizes  harbor  conditions 
and  is  intended  for  use  as  a  quick  reference  by  ship 
captains,  navigators,  inport /at  sea  OOD's,  and  other 
interested  personnel.  This  sectiorf  contains: 

A.  a  brief  narrative  summary  of  environmental 
hazards, 

a  table  display  of  vessel  1 ocati on/si tuat ion , 
potential  environmental  hazard,  effect-pre¬ 
cautionary/evasion  actions,  and  advance 
indicators  of  potential  environmental 
hazards, 

local  wind  wave  conditions,  and 
tables  depicting  the  wave  conditions  result¬ 
ing  from  propagation  of  deep  water  swell  into 
the  harbor. 

propagation  information  includes  percent 
average  duration,  and  the  period  of  maximum 
wave  energy  within  height  ranges  of  greater  than  3.3  feet 
and  greater  than  6.6  feet.  The  details  on  the  generation 
of  sea  and  swell  information  are  provided  in  Appendix  A. 

The  second  section  contains  additional  details  and 
background  information  on  seasonal  hazardous  conditions. 
This  section  is  directed  to  personnel  who  have  a  need  for 
additional  insights  on  environmental  hazards  and  related 
weather  events. 


C. 

D. 


The  swell 
occurrence. 
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1.2 


CONTENTS  OF  SPECIFIC  HARBOR  STUDIES 


This  handbook  specifically  addresses  potential 
wind  and  wave  related  hazards  to  ships  operating  in 
various  Medi terranean  ports  utilized  by  the  U.S.  Navy. 
It  does  not  contain  general  purpose  climatology  and/or 
comprehensive  forecast  rules  for  weather  conditions  of  a 
more  benign  nature. 

The  contents  are  intended  for  use  in  both  pre¬ 
visit  planning  and  in  situ  problem  solving  by  either 
mariners  or  environmentalists.  Potential  hazards  related 
to  both  weather  and  waves  are  addressed.  The 
oceanographic  information  includes  some  rather  unique 
information  relating  to  deep  water  swell  propagating  into 
harbor  shallow  water  areas. 

Emphasis  is  placed  on  the  hazards  related  to 
wind,  wind  waves,  and  the  propagation  of  deep  water  swell 
into  the  harbor  areas.  Various  vessel 
locations/situations  are  considered,  including  moored, 
nesting,  anchored,  arri ving/departing,  and  small  boat 
operations.  The  potential  problems  and  suggested  pre— 
cautionary/evasive  actions  for  various  combinations  of 
environmental  threats  and  vessel  location/situation  are 
provided.  Local  indicators  of  environmental  hazards  and 
possible  evasion  techniques  are  summarized  for  various 
scenarios. 
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CAUTIONARY  NOTE:  In  September  1985  Hurricane  Gloria  raked 
the  Norfolk,  VA  area  while  several  US  Navy  ships  were 
anchored  on  the  muddy  bottom  of  Chesapeake  Bay.  One 
important  fact  was  revealed  during  this  incident:  Most 
all  ships  frigate  size  and  larger  dragged  anchor,  some 
more  than  others,  in  winds  of  over  50  knots.  As  winds  and 
waves  increased,  ships  'fell  into'  the  wave  troughs, 
BROADSIDE  TO  THE  WIND  and  become  difficult  or  impossible 
to  control . 

This  was  a  rare  instance  in  which  several  ships 
of  recent  design  were  exposed  to  the  same  storm  and  much 
effort  was  put  into  the  documentation  of  lessons  learned. 
Chief  among  these  was  the  suggestion  to  evade  at  sea 
rather  than  remain  anchored  at  port  whenever  winds  of 
such  intensity  were  forecast. 
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CAPTAIN'S  SUMMARY 


Augusta  Say  Harbor  is  located  on  the  east  coast 
of  Sicily,  (Figure  2-1)  in  the  northwestern  portion  of 
the  Bay  of  Augusta.  The  adjacent  terrain  is  largely 
mountainous,  sloping  upward  to  over  984  ft  (300  m)  within 
10  mi  of  the  coast. 
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Figure  2-1.  Ports  o-f  Italy,  Sicily,  and  Sardinia. 


The  Bay  of  Augusta  (Figure  2-2)  is  exposed  to 
open  ocean  winds  and  waves  -from  the  eastern  semi  —  ci  rcl  e . 
Strong  o-f f shore  westerly  winds  affect  the  Bay  during 
winter  and  spring. 
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Figure  2-2.  Bay  of  Augusta 


The  Port  of _ Augusta  < Figure  2—3)  consists  of 

three  separate  basins  that  comprise  the  Rada  di  Augusta 
(Augusta  Bay):  Porto  Megarese,  Porto  Xifonio,  and  Seno 
del  Pr iolo,  Porto  Megarese,  having  approximate 
dimensions  of  4.4  n  mi  (8  km)  north-south,  and  2-2  n  mi 
(4  km)  east-west  is  the  1 argest  of  the  three,  and  the 
port  of  primary  interest.  Porto  Xifonio  and  Seno  del 
Priolo  are  restricted  to  vessels  of  shallow  draft.  Porto 
Xifonio,  while  the  shallowest  of  the  three,  provides  the 
maximum  protection  from  winds. 

Porto  Megarese  is  bordered  an  the  west  and  north 
by  the  island  of  Sicily.  The  east  and  south  boundaries 
are  protected  by  the  island  of  Isoletto  di  Augusta  and  by 
three  long  breakwaters  which  are  constructed  on  a  chain 
of  shoal s  which  extend  southward  from  Isoletto  di 
Augusta.  Porto  Megarese  is  a  spacious  and  deep  harbor 
providing  anchorage  for  25-28  vessels  and  can  accommodate 
ships  as  large  as  Very  Large  Crude  Carriers  (VLCC) .  The 
largest  vessels  of  the  U.S.  Navy  routinely  entering  the 
inner  harbor  are  LHA's.  The  anchorage  is  limited  to  the 
central  and  southern  portions  of  the  harbor  as  the 
northern  part  is  too  shallow.  The  bottom  is  mud,  sand, 
and  seaweed  and  affords  good  holding  except  during  heavy 
weather.  Several  groundings  have  resulted  from  high 
winds  and  the  slick  bottom  mud  which  tends  to  ball  up 
around  anchor  flukes  and  reduce  their  holding 
characteristics. 

Two  anchorage  areas  have  been  selected  for 
Augusta  Bay  (Figure  2-3).  Point  1  is  just  outside  the 
primary  entrance  to  Par to  Megarese  between  the  northern 
and  central  breakwaters.  Point  2  is  approximately  1  n  mi 
south-southeast  of  the  primary  entrance  and  is  typically 
used  by  carriers. 
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Figure  2-3.  Port  of  Augusta 
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Currents  in  Augusta  Bay  are  driven  by  the  tides 
and  wind,  and  can  be  significant  when  the  wind  is  from 
the  northeast.  Generally,  a  south  set  of  about  1  kt  is 
observed  5,000  yds  (2.5  n  mi)  from  the  breakwater,  and  a 
north  set  of  about  2  kt  about  2,000  yds  (1  n  mi)  from  the 
breakwater  (U.S.  Navy,  1983).  Local  authorities  state 
that  a  clockwise  current  of  about  1  kt  is  observed  inside 
the  breakwater  in  Porto  Megarese. 

According  to  U.S.  Navy  (1983),  "fresh  west- 
southwesterly  winds  produce  a  heavy  sea,  and  may  be 
dangerous  to  vessels  in  the  roadstead."  Westerly  winds 
sometimes  gust  to  65  kt ,  and  can  last  for  2  to  3  days  in 
March ,  resulting  in  problems  for  ships  anchored  in  mid- 
harbor.  During  winter  and  early  spring,  boating  is 
frequently  cancelled  from  anchorage  positions  in  the 
inner  and  outer  harbors  due  to  westerly  winds. 

Anchorage  can  be  obtained  anywhere  in  Porto 
Megarese  in  depths  of  54-90  ft  (9-15  fathoms).  The 
bottom  is  mostly  good  holding  ground  of  mud ,  sand ,  and 
seaweed  (Hydrographic  Department,  1963).  Porta  Tifonio 
and  Seno  del  Priolo  are  shallow  and  not  considered  to  be 
safe  havens  for  large  vessels  during  heavy  weather. 

Specific  hazardous  environmental  conditions, 
vessel  situations,  and  suggested  precautionary/evasian 
action  scenarios  are  summarized  in  Table  2-1.  Hazards 
for  both  inner  harbor  and  outer  harbor  are  addressed. 


TABLE  2—1.  Summary  o-f  hazardous  environmental  conditions  for  the  Port  of  Augusta,  Italy. 


1. 


HAZARDOUS  CONDITION 


INDICATORS  OF  POTENTIAL  HAZARD 


VESSEL  LOCATION/ 
SITUATION  AFFECTED 


EFFECT  -  PRECAUTIONARY /EVASIVE  ACTIONS 


a.  “Easterly  wings  -  air ono  Hinds  from  NE 
EFrough  SET  ’’Kay  be  called  Sregale, 
Levante,  or  Scirocco. 

*  Strongest  and  most  frequent  in 
Hinter. 

*  Can  produce  sea/swell  to  23-26  ft 
{7-8  mi  in  outer  harbor. 

*  May  be  accompanied  by  tnunderstorms 
if  caused  by  transient  iow  south  of 
Siciiy. 


Advance  warning. 

t  "Transient  1  cm  pressure  system  south  of 
Sicily, 

*  Building  high  pressure  over  Europe 
coincident  hi tn  development  of  low  over 
North  Africa  or  Ionian  Sea. 

*  Scirorco  event  Hay  be  preceded  by  cumulus 
clouds  building  and  renaming  over  Mount 
Etna  when  air  flow  is  from  St. 


11)  Anchored 

-  inner  harbor 

-  outer  harbor 


THE  PORT  Of  AUSUSTA  OFFERS  NO  FftOTECIlOW  FROM  HIKE*, 
la;  Anchpr_ « ay  drag  in  strong  winds. 

*  "fiud'TeMsTb  hall  up  around  anchor  flutes  and  decrease  holding  characteristics. 

*  Best  to  depart  harbor  if  high  wind  situation  is  forecast. 

*  If  remaining  at  anchor  and  strong  winds  are  forecast,  use  ot  two  ancnors  is 
recommended . 

lb)  Small  trafi 

*  TxFra  securing  precautions  required. 


Duration 

*  Transient  low  pressure  system  south  of 
Sicily  can  cause  winds  to  last  for  1-2  days. 

*  Buildtna  high  over  Europe  with  low  over 
North  Africa  or  Ionian  sea  can  produce  winds 
lasting  5  days. 

*  Scirocco  events  can  last  2  weeks. 


i2)  Moored  -  inner  harbor 


13!  Arm ing /departing  h arbor 


la!  Wind  may  force  ship  off  its  mooring 

*  -Wor ing  Tines  sfiouIcTR  "doubled. 

*  lug  assistance  may  be  necessary  in  strong  event. 

*  If  nested,  vessels  may  shift  depending  on  wind  direction. 

ta>  Strong  winds  may  prevent/hamper  ship  movement  in/out  of  harbor. 

*  F'TIoVToat may  noT leave  FarfijrTn  sTFohig  ETv  winoTsea. 


b. 


14)  Siall  boat  operations  (a) 


Westerly  winds  -  Strong  winds  iron  SW 
EIFougOfl.  "Hay  be  called  Libeccio, 
F'onente,  or  Maestrale. 

*  Strongest  in  March  (usually 
I8th/mhl , 

*  Sustained  speeds  of  -35  kts  or  higher 
with  gusts  to  65  kts  not  uncommon, 


Advance  warning 

♦  Strong  low  pressure  system  development  north 
of  Sicily. 


ID  Anchored 


inner  harbor 
outer  harbor 


Duration 

*  May  last  2-3  days  in  March. 


(a; 


lb) 


Boating  may  derestricted, 

»  $»air boat "operations  may  be  cancelled/restricted  in  high  wind  situation. 


Anchor  may  drag  in  strong  winds. 

*  PonentelNW)  winds  In  Harch  are  worst  for  ships  in  inner  narbor  anchorage. 

*  Mud  tends  to  ball  up  around  anchor  flukes  and  decrease  holding  characteristics. 

*  test  to  depart  harbor  if  high  wind  situation  is  forecast. 

*  If  remaining  at  anchor  and  strong  winds  are  forecast,  use  of  two  ancnors  is 
retain  mended. 

S  trial  1  craft 

*  Extra  securing  precautions  required. 


12)  Moored  -  inner  harbor 


(3)  Arrivinq/departing  harbor 


(a)  Hind  may  force  ship  off  its  mooring 

*  flooring  lines  sfroulT  be  "doubled . 

*  Tug  assistance  may  be  necessary  in  strong  event. 

i  If  nested,  vessels  may  shift  depending  on  wind  direction. 

t a )  Ship  movement  in/out  cf  harbor  may  be  haipered/res trjc t ed 


(4)  5«alj_boat  operations 


ia)  Boating  may  be  restricted. 

*  SjiaTTTbaV operations  may  be  cancelled/restricted  in  high  wind  situation. 


Sea  breeze  -  Diurnal  on-shore  wind  reaching 
•ax  iiu«  "velocity  in  mid-afternoon, 

*  Most  common  in  summer,  but  may  occur  on 
warm  days  in  spring  and  autumn. 

*  Commonly  observed  between  1030L  and 
18001,  reaching  maximum  velocities  about 
1530L, 


Advance  warning 

*  Routinely  observed  in  summer  and  on  warm 
late  spring  and  early  autumn  days. 

Duration 

*  Typically  observed  between  10301  and  18001, 


41)  Anchored  -  inner  harbor 
(2)  Anchored  -  outer  harbor 

1 3)  Moored  -  inner  harbor 

14)  Ar rivinq/departinq  har bor 


(a)  No  significant  problems. 

(a)  No  significant  problems. 

(a)  No  significant  problems. 

iai  Vessel  control  Bay  be  affected  at  slow  50ft. 


*  Normal  velocity  range  is  10-20  kts  but 
strong  event  can  exceed  27  kts. 


(5)  Small, boat  operations 


la)  Small  boating  may  be  hampered  or  curtailed  in  a  strong  event. 
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TABLE  2-1.  (Continued) 


HAZARDOUS  CONDITION 

INDICATORS  OF  POTENTIAL  HAZARD 

VESSEL  LOCATION/ 
SITUATION  AFFECTED 

EFFECT;  -  PRECAUTIONARY/EVASIVE  ACTIONS 

2*  Easterly  sea /swell  -  Haves  resulting  from 

easterly  winds  discussed  in  1 . a  above  plus 
swell  generated  by  Etesian  winds  over  Aegean 
Sea  during  summer  (maxi mum  occurrence  in 
August)  and  propagated  westward  to  Sicilv, 

*  Strong  Gregale  can  produce  23-26  ft 
w-S  m)  seas  in  outer  harbor. 

*  Swell  from  Etesian  winds  may  reach 

0-12  ft  (2. 5-3.5  m)  in  outer  harbor. 

*  Seas  rarely  exceed  2-3  ft  in  inner 
harbor. 

Advance  warnina 

*  Easterly  moving  system  south  of  Sicily. 

*  developing  high  over  Europe  and  low 
over  N.  Africa, 

*  acirocco  event  may  be  preceded  bv  cumulus 
couds  building  over  and  remaining  over 

Mount  Etna  when  air  flow  is  from  SE. 

*  Swell  from  Etesian  winds  can  be  expected 
when  summer  monsoon  established.  Maximum 
occurrence  is  in  August. 

*  Swell  may  be  anticipated  at  Augusta  Bay  4-B 
hours  after  strong  Etesian  winds  commence 
over  Aegean  Sea. 

(1)  Anchored  -  inner  harbor 

(a)  Little  effect  in  inner  harbor. 

(2)  Anchored  -  outer  harbor 

(3)  Moored  -  inner  harbor 

(4)  Am vmg/departinq  harbor 

(a)  Vgsseis  may  have  to  depart  anchorage, 

I  JILT1/  HaveS  *«y  cause  significant  pitching  at  anchor. 

oreselib  "  9  reSult  ,ro*  5wel1  or  “Nation  of  waves  and  wind  (if 

*  ^oceeding  N  through  Strait  of  Messina  to  anchorages  at  Palermo  or  Gulf  of 

Castellammare  on  N  coast  of  Sicily  will  avoid  swell. 

*  steafflln9  ci°se  to  H  c°*st  of  Italian  Peninsula  will  avoid  swell. 

(a)  No  significant  problems, 

(a)  Swell  at  harbor  entrance  and  in  outer  harbor  may  pose  hazards  to  vessels  rntrnnn  nr 

Duration 

*  Haves  generated  by  local  wind  (only)  will 
dimmish  raptdly  with  decrease  in  wind. 

*  Swell  waves  diminish  slowly  after  winds 
at  source  subside,  with  heights  and 
periods  decreasing  over  time. 

(5)  Small  boat  operations 

leaving  port  - - l?_ “.f LhSJ. ng, pr 

*  Limited  maneuvering  room  available. 

*  Harbor  pUot  availability  may  be  impacted  if  swell  is  accompanied  by  strong  winds. 

(a)  Outer  harbor  operations  nav  be  restrictpd/ranrplieri 

1  e£a?f  Prevent  sman’ hoatsTro*  safely  coming  alongside. 

Small  boating  may  be  cancelled  if  swell  is  accompanied  by  strong  winds. 

3,  Thunderstorm  -  hay  occur  independent  nf 
imbedded  in  extensive  rain  area,  and  m 
association  wtth  passing  frontal  systems. 

*  Commonly  occurs  in  autumn/early  winter 
as  part  of  larger  rain  area.  Hay  last 
more  or  less  continuously  for  24  hrs, 

f  Hay  occur  with  passing  frontal  systems. 

*  Hay  be  accompanied  by  strong  winds. 

Advance  warmno 

*  Bain  forecast  in  autumn  or  early  winter  due 
to  low  pressure  system  passino  south  of 

Sicily, 

*  Strong  frontal  passage  during  autumn, 
winter,  or  spring, 

U)  Anchored 

-  inner  harbor 

-  outer  harbor 

(2)  Moored  -  inner  harbor 

(a)  Possible  strong  winds/ squalls/lichtninq  st riles. 

*  fersonneT  sTouTH  oe  aTirTTor  anchor  dragging. 

*  becure  loose  gear. 

*  Minimize  personnel  exposure  on  weather  decks. 

(a)  Possible  strong  winds/squal 3 s/1 i qhtnino  strikes 

Duration 

*  Can  last  for  24  hours  when  associated  with 
transient  low  south  of  Bicilv  in  late  autumn 
or  early  winter. 

(3)  Arriving/departing  harbor 

( 4 )  Small  boat  oner a 1 1 on s 

*  Mooring  lines  shouIcTFe  manTfored  closely. 

*  secure  loose  gear. 

*  Minimize  personnel  exposure  on  weather  decks. 

(a)  Possible  strong  winOs/squalls/lightnina  strike* 

*  maneuvering  may  be  affected. 

*  Visibility  nay  be  restricted. 

*  Sectre  loose  gear. 

*  Minimize  personnel  exposure  on  weather  decks. 

(a)  Small  boat  ooerations  should  be  restricted 

*  Ninjnjusts/squaTTs  „ay  hazsrjj  s#airboats  and  occupants. 

*  Lightning  strikes  are  possible. 

4.  Tropical  cyclone  -  Although  uncommon,  tropica] 
cyclones  have  been  observed  in  the 

Mediterranean  basin, 

*  Host  likely  in  late  summer/  autumn.but 
may  occur  in  any  season. 

*  Storm  track  is  difficult  to  forecast 
accurately.  Mariners  must  give  wide 
berth  to  forecast  track. 

*  Damage  can  be  caused  by  winds  and/or 
high  water  caused  by  storm  surge. 

Advance  warning 

*  High,  thin  clouds  in  cyclonicaliy  spiralling 
hands,  gradually  thickening. 

*  Long  period  swell  from  southern  semicircle 
with  no  ether  reasonable  explanation. 

1)  Anchored  -  inner  harbor 

Ui  Vessels  should  put  to  sea  and  evade  *ton» 

t2)  Anchored  -  outer  harbor 

-.3)  Moored  -  inner  harbor 

4)  Arri vinq/departino  harbor 

■  ^ *  SaaljLbpat  j3pera 1 1  ons 

j 

*ai  ^ssels  should  put  to  sea  and  evade  storm. 

(a)  Vessels  should_put  to  sea  and  evade  storm, 

ia;  Vessels  should  put  to  sea  and  evade  storm, 

*  FT- at  sea,  stay  at  sea  anff  evade- storm, 

f  if  departing  harbor,  plan  to  leave  early  to  avoid  effects  of  storm. 
ia>  Cancel  small  boat  operations. 

h*e!T  trVn  0ur°<  "*tfr  a"l)  5ec“re  SKl:  or>  H  "  5hore'  «H  .bove  nj,h 
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Table  2-2  provides  the  height  ratio  and  direction 
o f  shallow  water  waves  to  expect  at  points  1  and  2 
(Figure  2-3)  when  the  deep  water  wave  conditions  are 
known. 

The  Augusta  Bay  Point  2  conditions  are  found  by 
entering  Table  2—2  with  the  forecast  or  known  deep  water 
wave  direction  and  period.  The  height  is  determined  by 
multiplying  the  example  deep  water  wave  height  (8  ft)  by 
the  ratio  of  shallow  to  deep  height  (.6). 


Example;  Use  of  Table  2-2  for  Augusta  Bay  Point  2. 

Deep  water  wave  forecast  as  provided  by  a  forecast 
center  or  a  reported/observed  deep  water  wave 
condition: 

8  feet,  12  seconds,  from  180*. 

The  expected  wave  condition  at  Augusta  Bay  Point  2 

as  determined  from  Table  2-2: 

4-5  feet,  12  seconds,  from  165*. 


NOTE:  Wave  periods  are  a  conservative  property 
and  remain  constant  when  waves  move  from  deep  to  shallow 
water,  but  speed,  height,  and  steepness  change. 
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Table  2—2.  Shallow  water  wave  directions  and  relative  height 
conditions  versus  deep  water  period  and  direction  (see  Figure 
2—3  -for  location  of  points). 

FORMAT:  Shallow  Water  Direction 

Wave  Height  Ratio:  (Shallow  Water/Deep  Water) 


AUGUSTA  BAY  POINT  Is 


!  Period  (sec) 

6 

8 

10 

12 

14 

16  ! 

{  Deep  Water 

I  Direction 

Shallow  Water 
Direction  and 

Hei qht 

Ratio 

! 

1 

1 

i 

1  360° 
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.  3 

025° 
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.  3  I 
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.9 
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.8 
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.8 
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.6 

i 

085*  1 

.  6  i 

t 

J  120* 

i 

i 

i 

120° 

.8 

115° 

.  7 

1 10' 

.7 

1  10° 

.  6 

105* 

.7 

> 

too*  i 

.  6  i 

i 

0 

o 

in 

rH 

135° 

.  6 

140° 

.6 

120° 

.  6 

130° 

.6 

120° 

.  5 

9 

110*  ! 

.  5  I 

i 

!  180° 

1 

> 

165° 

.6 

160° 

.  3 

155° 

2 

140° 

.  5 

130° 

.  5 

> 

115*  ! 

.  3  ! 

AUGUSTA  BAY  POINT  2: 

»  Period  (sec) 
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8 

10 

12 

14 

16  \ 

»  Deep  Water 

\  Direction 

Shallow  Water 
Direction  and 

Hei qht 

Rati  o 

t 

i 

i 

i 

!  360° 
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.4 

010° 

.6 

015° 

.7 

020° 

.  8 
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.5 
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> 
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.9 
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.9 
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.8 

t 
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i 
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.  9 
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.  9 
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.  9 

115* 

.  8 

i 

H5°  : 

.7  ! 

! 

:  150° 

150° 

.9 

150° 

.  9 

150° 

.  9 

1 45  * 

.8 

145° 

.8 

1 
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1 

;  180° 
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.6 

175° 

.  5 

170° 

.6 

165° 
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.6 

1 

150°  ! 
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The  local  win d  generated  wave  conditions  -for  the 
anchorage  area  identified  as  point  2  (Figure  2-3)  are 
given  in  Table  2-3,  All  heights  refer  to  the  significant 
wave  height  (average  of  the  highest  1/3  waves).  Enter 
the  local  wind  speed  and  direction  in  this  table  to 
obtain  the  minimum  duration  in  hours  required  to  develop 
the  indicated  fetch  limited  sea  height  and  period.  The 
time  to  reach  fetch  limited  height  is  based  on  an  initial 
flat  ocean.  When  starting  from  a  pre-existing  wave 
height,  the  time  to  fetch  limited  height  will  be  shorter. 

Table  2-3.  Augusta  Bay  near  paint  2.  Local  wind  waves  for 
fetch  limited  conditions  related  to  point  2  (based  on  JDNSWAP 
model > . 

Format :  height  (feet) /per i od  (seconds) 

time  (hours)  to  reach  fetch  limited  height 


Direction  Local  Wind 

and\  Speed  <kt> 

Fetch  \ 


Length _ \ _ 18 _ 24 _ _ _ _ 30 _ _  36 _  42 


(n  mi ) _ 

SW 

3  n  mi 

<2  -ft 

<2  ft 

2/3 

1 

i 

i 

2/3  i  2-3/3 

1  !  i 

t 

> 

S 

5  n  mi 

<2  ft 

2/3 

1 

2-373-4 

1 

i 

3/3-4  !  3-4/4 

1  i  1 

Example: 

To  the  SW  (225°)  there  is  about  a  3  n  mi 
fetch  (Figure  2-3).  Given  a  SW  wind  at  30  kt , 
the  sea  will  have  reached  2  feet  with  a  period  of 
3  seconds  within  i  hour  .  Wind  waves  will  not  grow 
beyond  this  condition  unless  the  wind  speed 

increases  or  the  direction  changes  to  one  over  a 
longer  fetch  length.  If  the  wind  waves  are 
superimposed  on  deep  water  swell,  the  combined 
height  may  change  in  response  to  changing  swell 
conditions.  Wind  wave  directions  are  assumed  to 
be  the  same  as  the  wind  direction. 
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Combined  Wave  heights  are  obtained  by  -finding  the 
square  root  of  the  sum  of  the  squares  of  the  swel 1  and 
wind  wave  heights. 

Example;  Swell  10  ft,  wind  wave  5  ft. 

10=  +  52  =Y  100  +  25  =  \J  125  ^  11.2  ft 

Note:  Increase  over  larger  height  is  small-  If 
both  heights  were  equal,  combined  height  would  increase 
by  a  factor  of  1.4.  If  one  is  half  of  the  other,  as  in 
the  example,  increase  over  the  larger  of  the  two  is  by  a 
f actor  of  1.12. 

Cl i m atol ogi cal  factors  o f _ shallow _ w at e r  waves ,  a s 

described  by  percent  occurrence,  average  duration,  and 
period  of  maximum  energy  (period  at  which  the  most  energy 
is  focused  for  a  given  height) ,  are  given  in  Table  _2~4. 
See  Appendix  A  for  discussion  of  wave  spectrum  and  energy 
di str i but i on  -  These  data  are  provided  by  season  for  two 
ranges  of  heights:  greater  than  3.3  and  greater  than  6.6 
feet  for  the  two  anchorage  areas  indicated  on  Figure  2-3. 


Table  2-4.  Shallow  water  climatology  as  determined  from  deep 
water  wave  propagation.  Percent  occurrence,  average  duration  or 
persistence,  and  wave  period  of  maximum  energy  for  wave  height 
ranges  of  greater  than  3.3  feet  and  greater  than  6.6  feet  by 
climatological  season. 


AU3USTA  POINT  Is 

WINTER 

SPRING 

SUMMER 

AUTUMN  ! 

i  >3.3  feet 

NOV-APR 

MAY 

J UN-SEP 

OCT  : 

\ 

1 

i  Occurrence 
! 

(7.) 

30 

29 

8 

1 

i 

20  : 

* 

* 

»  Average  Duration 

i 

(hrs) 

14 

17 

11 

i 

16  : 

i 

i 

I  Period  Max  Energy (sec) 

1 

1 

10 

10 

10 

i 

8  : 

i 

!  >6.6  feet 

NOV-APR 

MAY 

J UN-SEP 

oct  ; 

) 

1 

!  Occurrence 

i 

(7) 

13 

10 

2 

i 

i 

5 

i 

i 

)  Average  Duration 

(hrs) 

14 

11 

B 

i 

B  ! 

1 

* 

1  Period  Max  Energy (sec) 

t 

12 

11 

10 

1 

io  : 

i 

i 

AUGUSTA  POINT  2: 

WINDER 

SPRING 

SUMMER 

AUTUMN  ! 

!  >3 . 3  f  eet 

NOV-APR 

MAY 

JUN-SEP 

OCT  ! 

i 

i 

!  Occurrence 

i 

(7) 

29 

22 

9 

1 

I 

15  l 

t 

i 

!  Average  Duration 

i 

(hrs) 

13 

11 

15 

1 

14  ! 

i 

i 

!  Period  Max  Energy (sec) 

i 

« 

10 

10 

10 

i 

io  : 

t 

» 

!  >6.6  feet 

NOV-APR 

MAY 

JUN-SEP 

oct  : 

f 

» 

!  Occurrence 

i 

(7) 

12 

9 

2 

i 

i 

6  ! 

i 

i 

!  Average  Duration 

i 

(hrs) 

10 

14 

11 

» 

7  ! 

i 

* 

!  Period  Max  Energy (sec) 

» 

i 

12 

11 

10 

i 

12  ! 

i 

i 
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SEASONAL  SUMMARY  OF  HAZARDOUS  WEATHER  CQND I T I ONS 


WINTER  (November  thru  February) : 

*  Strong  east  or  east-northeast  winds  (Gregale). 

*  Strong  southeast  winds  (Scirocco) . 

*  Westerly  winds  (Poniente)  with  gusts  to  65  kt. 

*  Gregale  and  Scirocco  can  cause  high  waves  at 
anchorage. 

*  Thunderstorms  occur  with  -frontal  passages  and  can 
last  for  24  hours  bringing  heavy  rain  and  hail. 

SPRING  (March  thru  May) : 

*  Early  spring  similar  to  winter,  especially  for 
Poniente. 

*  Thunderstorms  occur  less  but  still  a  threat. 

*  Sea  breeze  occurs  occasionally,  rarely  disrupts 
boating. 

SUMMER  (June  thru  September): 

*  Sea  breeze  daily  occurrence,  peaking  at  1530L, 
occasionally  postponing  boating  operations. 

*  Etesian  wind  over  eastern  Medi terranean  can  bring 
12  ft  (4  m)  swell  to  anchorage  areas. 

AUTUMN  (October): 

*  Short  transition  season  with  winter  weather 
returning  by  end  of  month. 


NOTE:  For  more  detailed  information  on  hazardous  weather 
conditions  see  previous  Summary  Table  in  this  section  and 
Hazardous  Weather  Summary  in  Section  3. 
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GENERAL  INFORMATION 


This  section  expands  on  the  material  in  the 
Captain's  Summary.  Figures  and  Tables  are  repeated  with 
a  continuation  of  numbering.  Paragraph  3.5  provides  a 
general  discussion  of  hazards  and  Table  3—4  provides  a 
summary  of  hazards  and  actions  by  season. 


3. 3  Geographic  location 


The  Port  of  Augusta  is  located  at  37° 13 'N  15'14'E 
on  the  east  coast  of  the  Italian  island  of  Sicily  (Figure 
3-1 )  . 
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Figure  3-1.  Ports  of  Italy,  Sicily,  and  Sardinia. 
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The  Bay  of  Augusta  (Figure  3-2)  is  exposed  to 
open  ocean  winds  and  waves  -from  the  eastern  semi-circle. 
Strong  offshore  westerly  winds  affect  the  Bay  during 
winter  and  spring. 
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Figure  3-2.  Bay  of  Augusta 


The  Port  of  Augusta  -facilities  are  situated  in 
three  o-f  the  basins  that  comprise  Rada  di  Augusta 
(Augusta  Bay):  For to  Megarese,  Porto  Xifonia,  and  Seno 
del  Priolo  (Figure  3-3).  Porto  Megarese,  a  natural 
harbor  having  approximate  dimensions  of  4.4  n  mi  (8  km) 
north-south ,  and  2.2  n  mi  (4  km)  east— west ,  is  the 
largest  of  the  three  and  the  port  of  primary  interest. 
The  island  of  Sicily  forms  its  western  and  northern 
boundaries,  and  its  eastern  and  southern  boundaries  are 
comprised  of  Isoletto  di  Augusta,  an  elongated  island  on 
which  the  municipality  of  Augusta  is  located,  and  three 
extensive  breakwaters:  Diga  settentr x onal e  (northern 
levee),  Diga  centrale  (central  levee),  and  Diga 
meridionale  (southern  levee).  The  primary  entrance  to 
Porto  Megarese  passes  between  the  northern  and  central 
breakwaters,  with  a  width  of  1,200  ft  <366  m) ,  and 
channel  depth  of  42  ft  (13  m>  or  greater. 

Porto  Megarese  is  a  spacious  and  deep  harbor 
which  can  accomodate  ships  as  large  as  250,000  DWT.  The 

Fleet  Directory  for  Augusta, _ Sicily, _ Italjy  published  by 

the  U.S.  Navy  (1983),  states  that  anchorage  is  available 
inside  the  breakwaters  in  the  “central  zone”,  with  water 
depths  not  less  than  73.5  ft  (22.4  m) -  LHA ' s  are  the 
largest  vessels  of  the  U.S.  Navy  routinely  entering  the 
inner  harbor.  Shallow  water  depths  in  the  northern  part 
of  the  harbor  restrict  its  use.  Porto  Xifonio  and  Seno 
del  Priolo  offer  protected  anchorages  to  small  vessels 
only. 

The  terrain  of  Sicily  adjacent  to  Augusta  Bay  is 
largely  mountainous.  Elevations  within  10  mi  of  Augusta 
Bay  range  from  sea  level  along  the  coast  sloping  upward 
to  over  984  ft  (300  m) ,  with  one  peak  reaching  1,870  ft 
(570  m) .  Mt .  Etna,  a  10,902  ft  (3,323  m)  active 
volcano,  is  the  highest  point  on  Sicily  and  is  located 
about  35  n  mi  north-northwest  of  the  port. 
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Figure  3-3.  Port  of  Augusta 


Qual i tat i ve  Eval uat i on  of  th e  Port  of  Augusta 


The  Port  of  Augusta  is  fairly  well  protected  from 
hazardous  seas  by  its  periphery  of  breakwaters-  Heavy 
seas,  which  may  reach  23-26  ft  (7-8  m)  in^ height  in  the 
outer  harbor,  break  rather  heavily  over  the  breakwaters 
but  only  slight  seas  result  in  the  inner  harbor.  Caution 
is  necessary  when  approaching  the  harbor  in  bad  weather 
because  of  the  breaking  seas  (Hydrographi c  Department, 
1963).  At  times,  the  harbor  pilots  will  not  leave  the 
inner  harbor  because  of  high  winds  and  heavy  seas  outside 
the  harbor  entrance.  Local  harbor  authorities  advise 
that  when  high  northeast  to  southeast  winds  are  forecast, 
it  is  best  to  leave  the  port  and  head  for  open  sea. 

According  to  U.S.  Navy  (1983),  "fresh  west- 
southwesterly  winds  produce  a  heavy  sea,  and  may  be 
dangerous  to  vessels  in  the  roadstead.11  Westerly  winds 
sometimes  gust  to  65  kt,  and  can  last  for  2  to  3  days  in 
March ,  resulting  in  problems  for  ships  anchored  in  mid¬ 
harbor.  During  winter  and  early  spring,  boating  is 
frequently  cancelled  from  anchorage  positions  in  the 
inner  and  outer  harbors  due  to  westerly  winds. 

Anchorage  can  be  obtained  anywhere  in  Porto 
Megarese  in  depths  of  54-90  ft  (9-15  fathoms).  The 
bottom  is  mostly  good  holding  ground  of  mud,  sand,  and 
seaweed  ( Hyrfr ogr aph i c  Department ,  1963)-  Porto  Xifonio 
and  Seno  del  Pri olo  are  shallow  and  not  considered  to  be 
safe  havens  for  large  vessels  during  heavy  weather. 

Currents  and  Tides 


Currents  are  driven  by  the  tides  and  wind,  and 
can  be  significant  when  the  wind  is  from  the  northeast. 
Generally,  a  south  set  of  about  1  kt  is  observed  5,000 
yds  (2.5  n  mi)  from  the  breakwater ,  and  a  north  set  of 
about  2  kt  about  2,000  yds  (i  n  mi )  from  the  breakwater 


(U.S.  Navy,  1983)-  Harbor  pilots  say  that  a  clockwise 
current  of  about  1  kt  is  observed  inside  the  breakwater 
at  Porto  Megarese. 

4  Vi  si bi 1 i tv 


Reduced  visibility  is  rarely  a  problem  at  Augusta 
Bay.  Morning  haze  and  fog  create  the  poorest  conditions, 
but  dissipate  rapidly  during  morning  hours* 


5  Hazardous  Condi ti ons 

Although  relatively  protected  from  hazardous  sea 
conditions,  the  Port  of  Augusta  is  vulnerable  to  the 
effects  of  high  winds.  A  seasonal  summary  of  the  various 
known  environmental  hazard s  that  may  be  encountered  in 
the  Port  of  Augusta  follows- 

A „  Winter _ (November  through _ February ) 

Strong  winds  from  the  eastern  quadrant  (northeast 
through  southeast)  can  cause  significant  problems  in 
Augusta  Bay.  Although  the  inner  harbor  is  protected  from 
the  full  impact  of  the  sea  generated  by  the  winds,  the 
force  of  the  wind  can  adversely  impact  small  boating 
operations  in  the  inner  harbor-  The  wind  can  cause  ships 
in  the  anchorages  to  drag  anchor ,  while  the  combined 
effects  of  wind  and  sea  can  impact  the  ability  of  harbor- 
pi  lots  to  leave  port  to  meet  incoming  vessels-  Expe¬ 
rienced  mariners  advise  that  when  strong  winds  from  the 
east  quadrant  are  forecast  for  Augusta  Bay,  it  is  best  to 
leave  the  port  and  head  for  open  sea.  A  primary  cause  of 
such  wind  during  the  winter  is  the  "Gregale".  It  occurs 
with  high  pressure  over  central  Europe  or  the  Balkans  and 
low  pressure  over  the  Ionian  Sea  or  Tunisia/Libya  and  may 
continue  for  up  to  5  days.  It  can  also  occur  with  the 
passage  of  a  depression  to  the  south  or  southeast,  when 
it  lasts  only  a  day  or  two.  Gregale  winds  can  be 
reinforced  by  flow  through  the  Strait  of  Messina. 

Strong  southeasterly  winds  can  be  caused  by  a 
"Bcirocco”.  A  low  pressure  center  over  North  Africa 
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accom- 


brings  east  to  southeast  winds  to  Augusta  Bay, 
panied  by  low  stratus  and  fog.  A  Scirocco  event  will 
bring  hot  and  muggy  weather  to  the  area  and  may  last  up 
to  2  weeks,  with  one  recorded  occurrence  persisting  for 
one  month. 

Strong  winds  from  the  western  quadrant  ,  locally 
known  as  ''Ponente"  and  resulting  from  a  low  pressure 
system  north  of  the  area,  can  be  a  problem  for  ships 
anchored  in  the  inner  harbor  due  to  anchor  dragging. 
Boating  is  frequently  cancelled  from  anchorage  positions 
in  the  inner  and  outer  harbors.  Westerly  winds  with 
gusts  to  65  kt  have  been  observed  at  Augusta  Bay. 

Heavy  rain  with  low  cloud  ceilings  can  occur  at 
Augusta  Bay  when  a  low  pressure  system  passes  south  of 
Sicily.  Thunderstorms,  commonly  associated  with  the 
aforementioned  low  passages  in  early  winter  when  SST ' s 
are  still  warm  but  air  temperatures  may  be  cool,  may  be 
constant  for  24  hours.  Thunderstorms  may  also  occur  with 
passing  -frontal  systems. 

8.  Spring  (March  through  Hay) 

Early  spring  environmental  conditions  are  similar 
to  those  of  winter .  Winds  and  seas  from  the  northeast 
through  southeast  continue  to  affect  harbor  operations  at 
Augusta  Bay.  Strong  westerly  winds,  known  as  Ponente, 
with  gusts  to  65  kt  are  most  prevalent  in  March,  and  have 
been  known  to  last  for  2-3  days.  Ponente  winds  cause 
significant  problems  in  the  harbor  due  to  anchor 
draggi ng . 

Although  most  common  during  summer,  sea  breezes 
start  to  appear  in  late  spring.  A  strong  event  can  reach 
25  kt ,  which  may  affect  boating  in  the  harbor. 

Rain  is  common  when  low  pressure  systems  pass 
south  of  Sicily,  but  because  of  cooler  SST's,  associated 
thunderstorm  activity  is  not  as  evident  as  in  early 
wi nter . 

Although  not  as  common  as  during  the  winter, 
Scirocco  conditions  are  occasionally  observed  during 
spring,  primarily  early  in  the  season.  A  Scirocco  event 
may  bring  strong  east  to  southeast  winds  accompanied  by 
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low  stratus  and  -fag  to  Augusta  Bay.  Sciroccos  may  last 
up  to  two  weeks  and  bring  hot  and  muggy  weather  to  the 
area. 

C .  Summer  (June  t hrouqh  September ) 

The  summer  season  in  eastern  Sicily  has  the  least 
hazardous  weather  of  the  year.  The  track  of  strong 
extratropicai  storms  has  moved  northward  and  poses  little 
threat  to  Augusta  Bay.  Sea  breezes  are  daily 
occurrences,  usually  commencing  about.  1030L,  reaching 
maximum  strength  of  about  15  kt  by  1530L,  and  diminishing 
by  1B00L.  A  strong  event  may  reach  25  kt-  A  high 
pressure  cell  aloft  can  suppress  the  sea  breeze  flow;  the 
sea  breeze  usually  overcomes  the  resistance  but  is  not  as 
strong  as  usual ■ 

The  prevailing  northern  winds  over  the  eastern 
Mediterranean  and  Aegean  Seas  during  the  summer 
(basically  a  monsoonal  flow  associated  with  a  deep  low 
pressure  area  which  forms  over  northwest  India)  is  called 

the  "Etesi  an.  !f  Once  established,  it  can  generate  a _ 8—  1 2 

ft  (2. 5-5. 5  m)  westerly  moving  swell  which  will  reach  the 
east  coast  of  Sicily  in  4-8  hours-  The  maximum 
occurrence  of  Etesian  winds  and  resultant  swell  is  in 
August.  Due  to  the  protective  breakwaters  around  the 
inner  harbor ,  the  impact  of  the  swell  is  limited  to  the 
outer  harbor  of  Augusta  Bay. 

D .  Autumn  (Octobe r ) 

The  autumn  season  is  short,  with  the  typical 
season  usually  spanning  about  one  month  October.  The 
daily  occurrence  of  the  sea  breeze  is  interrupted  as 
temperatures  begin  to  moderate.  Extratropicai  systems 
begin  to  transit  Europe  as  the  storm  track  moves 
southward  in  advance  of  the  winter  season. 

The  threat  of  strong  winds  from  the  eastern 
quadrant  caused  by  a  Gregale  or  Scirocco,  as  discussed  in 
section  A  above,  increases  as  the  autumn  season 
progresses.  Strong  westerly  winds,  also  addressed  in 
section  A  above,  become  more  common  as  extratropicai 
systems  transit  the  waters  north  of  Sicily. 
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Heavy  rain  with  low  cloud  ceilings  can  occur  at 
Augusta  Bay  when  a  low  pressure  system  passes  south  of 
Sicily.  Thunderstorms ,  commonly  associated  with  the 
at oreinent i  oned  low  passages  in  late  autumn  when  SST's  are 
still  warm  but  air  temperatures  may  be  cool ,  may  be 
constant  for  24  hours.  Thunder stor ms  may  also  occur  with 
passing  frontal  systems  late  in  the  season. 

E .  Tropical _ Storm  Sea so n 

Storms  having  tropical  cyclone  character i st i cs 
with  fully  developed  eyes  have  been  observed  on  at  least 
three  occasions  in  the  Mediterranean  basin:  23-26 
September  1969,  22—28  January  1982,  and  26—30  September 
1983.  On  the  latter  occasion  the  storm  moved  northwest 
from  the  Gulf  of  Gabes  (on  the  southeast  coast  of 
Tunisia),  through  the  Strait  of  Sicily,  along  the  east 
coast  of  Sardinia,  and  into  the  Gulf  of  Genoa.  Winds  of 
100  kt  were  observed  near  the  eye  while  Cagliari, 
Sardinia  reported  sustained  winds  of  60  kt.  The 
potential  for  a  storm  of  this  type  to  strike  Augusta  Bay 
is  real  and  the  meteorologist  must  be  aware  of  the 
possi bi 1 i ty . 

6  Harbor  Protection 


The  Port  of  Augusta  offers  little  protection  from 
wind  but  the  inner  harbor ,  as  detailed  below,  provides 
good  protection  from  significant  wave  action. 

6. 1  Wind  and  Weather 

The  Port  of  Augusta  is  unprotected  from  the  full 
force  of  wind  from  northeast  clockwise  through  south- 
southeast.  From  south-southeast  clockwise  through 
northeast,  the  topography  of  Sicily  affords  only  rather 
limited  protection;  the  highest  point  of  the  terrain 
within  20  mi  of  the  port  is  3,655  ft  (1,114  m),  with  most 
elevations  considerably  less. 
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Waves 


6 . : 


The  harbor  of  Porto  M egarese  is  afforded 
excellent  protection  from  waves  that  have  been  generated 
in  the  open  sea  by  the  configuration  of  Isolotto  di 
Augusta  and  the  three  breakwaters  which  form  the  east  and 
southeast  limits  of  the  inner  harbor.  While  waves  from 
the  east  or  southeast  may  break  over  the  top  of  the 
breakwaters,  the  impact  on  inner  harbor  operations  is 
minimal.  Limited  wave  energy  can  enter  the  inner  harbor 
through  the  main  entrance  between  Diga  settentr i onal e  and 
Diga  centrals,  but  due  to  the  relatively  narrow  entrance 
the  effects  are  minimal  on  the  inner  harbor  operations. 

The  outer  harbor  is  exposed  to  the  full  force  of 
waves  emanating  from  northeast  through  south-southeast 
and  it  will  be  advisable  to  sortie  under  high  wind/wave 
cond i t i ons. 

Table  3-1  provides  the  shallow  water  wave 
conditions  at  the  two  designated  points  when  deep  water 
swell  enters  the  Bay  of  Augusta. 


E x a mp lej _ _ U se  of  Table  3—1 . 

For  a  deep  water  wave  condition  of: 

6  feet,  12  seconds,  from  120° 


The  approximate  shallow  water  wave  conditions  are: 

Point  1:  4  feet,  12  seconds,  from  110° 

Point  2s  5-6  feet,  12  seconds,  from  120° 


Table  3-1.  Shallow  water  wave  directions  and  relative  height 
conditions  versus  deep  water  period  and  direction  (see  Figure 
3-3  for  location  of  paints). 

FORMAT:  Shallow  Water  Direction 

Wave  Height  Ratio:  (Shallow  Water/Deep  Water) 


AUGUSTA  BAY  POINT  Is 


!  Period  (sec) 

6 

8 

10 

12 

14 

16 

!  Deep  Water 

1  Direction 

Shallow  Water 
Direction  and 

Hei qht 

Rati  o 

i 

i 

9 

1 

!  360° 

020° 

025° 

030  ° 

040° 

050  ° 

050  °  i 

.  3 

.  3 

.4 

.  3 

.  3 

.  3  ! 

I 

!  030° 

045° 

060  ° 

040° 

045° 

050° 

1 

060  °  ! 

»  3 

.  3 

.6 

.  3 

.8 

.  7  I 

f 

I  060° 

060° 

060° 

060° 

060° 

065° 

i 

065°  ! 

.9 

.9 

.8 

.  6 

■  5 

.  6  ! 

j 

1  090° 

.  090  * 

090° 

085° 

085  ° 

085° 

9 

085°  { 

.  9 

.9 

.8 

.  8 

.6 

.  6  I 

i 

J  120° 

120° 

115° 

110° 

0 

O 

■» — i 

H 

105° 

i 

100°  ! 

.8 

.  7 

.7 

.  6 

.  7 

.  6  1 
i 

!  150° 

135° 

140° 

120° 

130° 

120° 

t 

110°  5 

.6 

.  6 

.  6 

.  6 

.  5 

.  5  ; 

1  180° 

165° 

160° 

1 55  c 

1 40  c 

130° 

i 

U5°  : 

.6 

«  3 

.2 

.5 

.5 

.3  : 

AUGUSTA  BAY  POINT  2 : 


Period  (sec) 

6 

a 

10 

12 

14 

16 

Deep  Water 

Di rect i on 

Shallow  Water 

Direction  and  Height  Ratio 

360  c 

005° 

010° 

015° 

0 

O 

N 

O 

030° 

030° 

.4 

.  6 

.  7 

.  8 

.5 

.4 

030° 

030° 

030° 

030° 

035° 

045° 

055° 

1.0 

.  9 

.8 

.7 

.  a 

.5 

060° 

060° 

060° 

060° 

060° 

065* 

065° 

1.0 

1 . 0 

.9 

.  9 

.9 

.  9 

090  9 

090° 

090° 

090  ° 

090° 

090° 

090° 

1 . 0 

1 . 0 

.9 

.9 

.  8 

.8 

120° 

120° 

120° 

120° 

1 20  c 

1 15° 

115° 

1 . 0 

.  9 

.  9 

.9 

.8 

.7 

150° 

150° 

150° 

150° 

145° 

145° 

140° 

.9 

.  9 

.9 

.8 

.8 

.  8 

180° 

180° 

175° 

170° 

165° 

160° 

150* 

.6 

.5 

•  6 

.  6 

.  6 

.6 
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Situation  specific  shallow  water  wave  conditions 
resulting  from  deep  water  wave  propagation  are  given  in 
Table  3-1  while  the  seasonal  climatology  of  wave  con¬ 
ditions  in  the  harbor  resulting  from  the  propagation  of 
deep  water  waves  into  the  harbor  are  given  in  Table  3-2. 
If  the  actual  or  forecast  deep  water  wave  conditions  are 
known,  the  expected  conditions  at  the  two  specified 
harbor  areas  can  be  determined  from  Table  3-1.  The  mean 
duration  of  the  condition,  based  on  the  shallow  water 
wave  heights,  can  be  obtained  from  Table  3-2. 

Interpretation  of  the  information  from  Tables  3-1 
and  3-2  provide  guidance  on  the  local  wave  conditions 
expected  tomorrow  at  the  various  harbor  points.  The 
duration  values  are  mean  values  for  the  specified  height 
range  and  season.  Knowledge  of  the  current  synoptic 

pattern _ and  Jo recast/ e xpected  duration  should  be  used 

when  avai lable. 


x  amp  X  e s  use_  of  J_ab  1  es  u- 1  and  3-2 . 

The  forecast  for  wave  conditions  tomorrow  (winter  case) 
outside  the  harbor  are: 

9  feet,  12  seconds,  from  090° 

Expected  shallow  water  conditions  and  duration: 


hei ght 
peri od 
direct! on 
duration 


Point  1 

7  feet 
12  seconds 
from  0S5C 
14  hours 


Point  2 

S  feet 
12  seconds 
from  090° 
10  hours 


Possible  applications  to  small  boat  operations 
are;  selection  of  the  tending  ships  anchorage  point 
and/or  areas  of  small  boat  work.  The  condition  duration 
information  provides  insight  as  to  how  long  before  a 
change  can  be  expected.  The  local  wave  direction 
information  could  be  of  use  in  selecting  anchorage 
configuration  and  related  small  boat  operations. 


Table  3-2.  Shallow  water  climatology  as  determined  from  deep 
water  wave  propagation.  Percent  occurrence,  average  duration  or 
persistence,  and  wave  period  of  maximum  energy  for  wave  height 
ranges  of  greater  than  3.3  feet  and  greater  than  6.6  feet  by 
climatological  season. 


AUGUSTA  POINT  Is 

WINTER 

SPRING 

SUMMER 

AUTUMN  1 

!  >3-3  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  ! 

i 

i 

!  Occurrence 

i 

(7.) 

30 

29 

a 

1 

1 

20  ! 

i 

I  Average  Duration 

* 

(hrs) 

14 

17 

11 

1 

16  i 

| 

!  Period  Max  Energy (sec) 

1 

» 

10 

10 

10 

I 

B  ! 

i 

\ 

:  >6.6  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  i 

) 

l 

!  Occurrence 
• 

(7.) 

13 

10 

2 

i 

i 

5  ! 

i 

I  Average  Duration 

i 

(hrs) 

14 

11 

8 

i 

8  ! 

* 

!  Period  Max  Energy (sec) 

t 

1 

12 

1 1 

10 

1 

10  ! 

» 

! 

AUGUSTA  POINT  2: 

WINTER 

SPRING 

SUMMER 

AUTUMN  ! 

!  >3.3  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  : 

!  Occurrence 

(7.) 

29 

22 

9 

l 

1 

15  : 

!  Average  Duration 

(hrs) 

13 

1 1 

15 

i 

14  ! 

| 

!  Period  Max  Energy (sec) 

10 

10 

10 

1 

10  ! 

1 

1 

!  >6.6  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  ! 

I  Occurrence 

(7.) 

12 

9 

2 

l 

I 

6  { 

!  Average  Duration 

(hrs) 

10 

14 

11 

> 

7  ! 

!  Period  Max  Energy (sec) 

12 

11 

10 

> 

12  ! 

i 

\ 
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Local  wind  wave  conditions  are  provided  in  Table 
3-3  f or  Augusta  Bay  point  2*  The  specified  fetch  lengths 
are  specifically  for  point  2.  The  time  to  reach  the 
fetch  limited  height  assumes  an  initial  flat  ocean*  With 
a  pre-existing  wave  height,  the  times  are  shorter* 

Tab  I  e 
fetch 
model ^ 

Format :  height  (feet) /period  (seconds) 

time  (hours)  to  reach  fetch  limited  height 


3-3.  Augusta  Bay  near  point  2.  Local  wind  waves  for 
: mi  tec  conditions  related  to  point  2  (based  on  JONSWAP 


Direction  Local  Wind 

and\  Speed  (fct) 

Fetch  \ 

Length  \  18  24 

30 

36 

42 

!  (n  mi  ) 

!  SW 

<2  -ft 

<2  -ft 

2/3 

2/3 

2-3/3  ; 

i  3  n  m  i 

1 

1 

1  ! 

:  s 

<2  ft 

<2  ft 

2/3 

2-3/3 

3/3  ! 

!  13  n  mi 

i 

1 

1  ! 

Example; _ S m all bo a t  w a ve  f orecasts  (based  on  the 

assumption  that  swell  is  not  a  limiting  condition). 

Forecast  for _ Tomorrow : 

Wind  Waves 

T  i  me  (Forecast )_  (Table  3-3) 


prior  to  0700  LST  light  and  variable  <  1  ft 


0700 

to 

1200 

SW 

0-10  kt 

<  2  ft 

1 200 

to 

1 500 

SW 

22-20  kt 

<  2  ft 

1 500 

to 

2000 

SW 

28-32  kt 

2  ft  at  3  sec 

by  1600 

2000 

to 

2200 

SW 

14-iS  kt 

<  2  ft 

Interpretation:  Assuming  that  the  limiting  factor  is 
waves  greater  than  2  feet,  small  boat  operations  would 
be  marginal  by  1300  and  remain  so  until  after  2000. 
Safe  conditions  woul d  exist  by  2100, _ 
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Combined  wave  heights  are  computed  by  -finding  the 


square  root  of  the  sum  of  the  squares  of  the  wind  wave 
and  swell  heights.  For  example,  if  the  wind  waves  were 
3  ft  and  the  swell  8  ft  the  combined  height  would  be 
about  8.5  ft. 


Note  that  the  increased  height  is  relatively  small.  Even 
if  the  two  wave  types  were  of  equal  height  the  combined 
heights  are  only  1.4  times  the  equal  height.  In  cases 
where  one  or  the  other  heights  are  twice  that  of  the 
other,  the  combined  height  will  only  increase  over  the 
larger  of  the  two  by  1.12  times  (10  ft  swell  and  5  ft 
wind  wave  combined  results  in  11.2  ft  height). 

Wave  data  uses  and  consi der at i ons 


Local  wind  waves  build  up  quite  rapidly  and  also 


decrease  rapidly  when  winds  subside.  The  period  and 
therefore  length  of  wind  waves  is  generally  short  rela¬ 
tive  to  the  period  and  length  of  waves  propagated  into 
the  harbor  (see  Appendix  A).  The  shorter  period  and 
length  result  in  wind  waves  being  character i zed  by  chappy 
conditions.  When  wind  waves  are  superimposed  on  deep 
water  waves  propagated  into  shallow  water ,  the  waves  can 
become  quite  complex  and  confused.  Under  such  condi¬ 
tions,  when  more  than  one  source  of  waves  is  influencing 
a  location,  tending  or  joint  operations  can  be  hazardous 
even  if  the  individual  wave  train  heights  are  not 
significantly  high.  Vessels  of  various  lengths  may  re¬ 
spond  in  different  motions  to  the  different  wave  lengths 
present.  The  information  on  wave  periods,  provided  in 
various  tables,  should  be  considered  when  forecasts  are 
made  for  joint  operations  of  different  length  vessels. 


Protective  and  Mitigating  Measures 


7 .  1  Moving  to  new  anchorage 

According  to  local  authorities,  when  strong 
northeast  to  southeast  winds  are  -forecast  -for  Augusta 
Bay,  it  is  wise  to  depart  the  anchorage  and  move 
northward  through  the  Strait  of  Messina  and  anchor  along 
the  north  coast  of  Sicily  near  Messina,  at  Palermo  or  in 
the  Gulf  of  Castel 1 ammare. 

7 . 2  Sort! e/ re main  in  port . 

Experienced  mariners  advise  leaving  the  anchorage 
and  heading  for  open  sea  when  strong  winds  from  northeast 
clockwise  through  southeast  are  forecast.  If  this  course 
of  action  is  chosen,  moving  northward  through  the  Strait 
of  Messina  to  the  protected  waters  north  of  the  coasts  of 
Sicily  or  the  Italian  Peninsula  could  afford  some 
protection  from  high  wind  and  waves, 

Likewise,  if  strong  winds  from  the  west  quadrant 
—  especially  from  the  northwest  —  are  forecast,  it  is 
wise  to  leave  the  inner  harbor  anchorage  and  head  for 
open  sea. 

If  a  decision  is  made  to  stay  in  part, 
precautions  should  be  taken.  If  at  anchor ,  two  or  more 
anchors  should  be  deployed  to  minimize  anchor  dragging  in 
the  soft  mud  bottom.  If  alongside  a  pier,  lines  should 
be  doubled,  particularly  if  the  forecast  winds  will  blow 
perpendicular  to  the  ship's  axis  and  tend  to  force  the 
vessel  off  its  mooring.  Small  boats  should  be  firmly 
secured.  Routine  operations  may  be  curtailed. 
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Local  Indicators  of  Hazardous  Weather  Conditions 


The  environaiental  conditions  which  pose  the 
greatest  threat  to  harbor  operations  at  Augusta  Bay  are 
strong  winds  and  high  waves  from  the  east  quadrant,  and 
strong  winds  from  the  west  quadrant. 

Easter 1 y  Wi nd/Waves  -  Since  strong  winds  from  the 
east  quadrant  are  caused  by  a  steep  north-south  pressure 
gradient,  one  indicator  of  a  potential  Gregale  event 
would  be  the  forecast  of  a  synoptic  situation  which 
includes  a  building  high  to  the  north  while  a  low 
pressure  center  is  forecast  to  intensify  over  the  Ionian 
Sea  or  the  North  African  region  of  Tunisia/Libya,  or 
transit  eastward  south  of  Sicily.  A  persistent  strong 
wind  condition  caused  by  a  stationary  or  slow-moving 
situation  may  last  for  up  to  5  days.  Winds  caused  by  a 
transient  low  pressure  system  will  normally  last  for 
about  1-2  days.  High  waves  will  persist  for  about  24 
hours  after  the  generating  winds  diminish. 

Etesian  winds  in  the  eastern  Mediterranean  or 
Aegean  Seas  can  produce  8-12  ft  (2. 5-3. 5  m)  westerly 
moving  swell  that  will  reach  the  east  coast  of  Sicily  in 
4-8  hours.  Maximum  occurrence  is  in  August. 

Strong  winds  and  hot,  muggy  weather  accompanying 
a  Scirocco  are  often  preceded  by  cumuliform  clouds 
forming  and  staying  over  Mt.  Etna  (35  n  mi  north- 
northwest  of  the  Port)  during  southeaster 1 y  flow 
conditions  over  eastern  Sicily. 

Westerly  Wind  -  A  strong  or  intensifying  low 
pressure  system  transiting  the  area  north  of  Sicily  would 
likely  produce  strong  westerly  winds  at  Augusta  Bay. 
Transient  lows  should  be  monitored  closely,  especially 
during  late  winter  and  early  spring  since  the  probability 
of  strong  Ponente  winds  is  greatest  in  the  month  of 
March . 


TABLE  3-4.  Potential  problem  situations  at  Port  o-f  Augusta  -  ALL  SEASONS 


VESSEL 

LOCAT I ON/S I TUAT I ON 


POTENTIAL  HAZARD 


EFFECT 


PRECAUTIONARY/EVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


i.  Anchored  -  inner  harbor 


Winter 

Spring 

Sumer 

Autumn 


a.  easterly  wind/sea  -  Can  be  caused  by 
'Gregele1  or  ‘'ScTrocco* ,  Hay  produce  23-26  it 
(7-9  aw  seas  in  outer  harbor.  Strongest  in 
winter,  unlikely  in  summer.  "Etesian  Ninds 
over  Ageanen  or  eastern  Mediterranean  Sea  can 
cause  8-12  It  <2.5  -  3.5  ml  swell  off  eastern 
Sicily,  maximum  occurrence  m  August. 


a,  l he  inner  harbor,  Porto  Negarese,  is  exposed  to  the  brunt  of  wmos  from  the 
east  quadrant,  but  is  protectee  by  breakwaters  fro.ii  significant  ocean  waves. 
Vessels  are  advised  to  leave  the  port  for  open  sea  it  nigh  winds  from  the  east 
quadrant  are  forecast.  Shelter  can  be  found  north  of  the  Strait  of  Messina 
off  the  north  coast  of  Sicily  or  the  west  coast  of  Italy.  Protected  anchorage 
nay  be  found  at  Palermo,  or  the  Gulf  of  Usteliaromare  on  Sicily  s  north  coast. 
Vessels  remaining  at  anchor  at  Augusta  should  use  2  anchors  and  be  aware  at 
possible  anchor  draqomg.  Small  craft  should  ba  sef're" 


a.  Strong  winds  with  an  easterly  component  result  when  a  Building  high 
pressure  cell  over  centra;  Eurooe  coincides  with  an  intensifying  low  pressure 
system  over  (forth  (Fnca  or  the  Ionian  Sea  (late  autumn,  winter’,  and  eariy 
spring).  Easterly  winds  associated  with  a  Scirocco  event  are  otten  preceded  ov 
cumuli  form  clouds  staying  over  the  summit  of  Mount  Etna  to 5  n  mi  north- 
northwest  o*  Augusta  Bay;.  During  summer  an  "Etesian'  ever  the  Aegean  Sea  will 
cause  easterly  swell  at  Auiusia  Ray  4-8  hours  a»ter  generation. 


Strong 

Rare 


Winter 

Spring 

Summer 

Autumn 


&.  Westerly  wind  -  Strong  winds  Rg*  southwest 
througVnorthwesT  caused  by  Ion  pressure  north 
of  Sicily.  Can  produce  gusts  to  65  kts  in 
Fort.  Maximum  frequency  m  March,  when  events 
can  last  2-3  days. 


h.  Due  to  the  possibility  of  dragging  anchors,  vessels  are  advised  to  leave 
the  port  for  open  sea  if  strong  westerly  winds  are  forecast.  Staying  along 
and  close  to  Sicily’s  east  coast  wi  1 1  provide  protection  from  seas  generated  by 
the  wester. y  winds.  Vessels  remaining  at  anchor  should  use  2  anchors  and  be 
aware  of  possible  anchor  dragging  due  to  bottom  characteristics.  Small  craft 
should  be  well  secured. 


c.  High  winds  Kith  a  westerly  component  result  when  a  low  pressure  system 
?oves  eastward  north  of  Sicily.  Transient  extratropicai  lows  should  be 
ftonitcred  closely  to  detect  any  strong  pressure  gradients  which  may  affect  the 
Augusta  Say  area.  May  be  called  Libeccio,  Ponente,  or  Maestrale. 


Frontal  Winter 
Spring 
Orographic  Summer 
Autumn 


Winter 

Spring 

Summer 

Huturan 


Late  Spring 
Sumner 
Early  An torn 


c.  Thunderstorms  -  Possible  with  passing 
fronfaT  sysFems,  and  in  the  following  cold  air. 
Associated  wind  gusts  and  squalls  to  be 
exoected.  Most  common  late  autumn  early  winter 
with  transient  low  centers  passing  south  of 
Sicily.  Geographically  induced  in  summer. 

d.  Tropical  cvclone  -  Uncommon  m  the 
Mediterranean  but  when  occurring,  would  have  a 
maximum  probability  of  occurrence  in  late 
summer  or  early  autumn.  Two  of  the  three 
storms  recorded  since  Hof  have  occurred  in 
September,  with  maximum  winds  of  100  rts  on  one 
occasion.  High  winds/  seas/stor*  surge 
possible. 

e.  Seabreeze  -  Uncommon  until  late  spring, 
when  Haily  warming  o*  land  mass  is  sufficient 
te  trigger  tree;?.  Com  only  occurs  between 
10301  and  .:9(C_,  <ith  meximun  velocities  of  13- 
25  H*  by  15301. 


c.  Thunderstorms  can  pose  several  problems  to  mariners,  but  the  most 
significant  are  lightning  strikes  ana  strong,  gusty  winds.  Since  little  can 
be  done  to  avoid  lightning  strifes,  vessels  are  limited  to  preventing  damage  by 
high  wind.  All  loose  gear  should  be  secured.  Small  boat  cperatiars  snouid  be 
curtailed.  Personnel  exposure  on  weatherdecks  should  be  minimized. 


d.  Because  of  the  potential  for  destruction,  manners  should  nake  every  effort 
to  avoid  being  placed  in  the  track  of  a  tropical  cyclone.  Vessels  should  put 
to  serf  and  take  evasive  action  at  the  first’  indication  that  a  tropical  cvclone 
may  strike  or  pass  close  by  Augusta  Fay. 


e.  Boating  may  be  curtailed  during  a  strong  event. 


c.  Thunderstorm  activity  can  be  expected  wnen  a  transient  low  pressure  system 
moves  eastward  south  of  Sicily.  Thunderstorm  activity  occurs  with  passino 
cold/occiuded  frontal  systems  and  in  the  cold,  unstable  air  following  tne 
front,  Thunderstorms  are  orographi tally  induced  in  summer  with  onshore  tlow. 


d.  Monitor  satellite  images  and  synoptic  reports  for  early  detection  of  a 
developing  tropical  cyclone.  Approaching  tropical  cyclone  may  be  indicated  :v 
nigh,  thin  clouds  in  cycloimally  spiralling,  gradually  thickening  bands  or  tiv 
unexplained  long-period  swell  from  the  southern  semicircle. 


e.  Expected  afternoon  sea  breeze  from  late  spring  through  early  autumn  with 
warm  temperatures.  4  high  aloft  can  suppress  the  sea  breeze  mechanism. 
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TABLE  3—4.  (Continued) 


VESSEL 

LOCA T I ON / S ITU AT I ON 


POTENTIAL  HAZARD 


EFFECT  -  PRECAUTIONARY/ EVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


2.  Hncncred  -  peter  harbor 


Winter 

spring 

Summer 

Autumn 


a.  Easterly  wi nd/sea  -  uan  be  caused  ov 
■’Greaele^ or  Tbardcco".  May  produce  2$-2fc  ft 
<7-fi seas  in  outer  haroor.  Strongest  in 
winter,  unlikely  in  sunnier.  •'Etesian  Hinds 
over  Ageanen  or  eastern  Mediterranean  bea  can 
cause  e-12  ft  (2.5  -  -3. 5  n i  swell  off  eastern 
Sicily,  man  mum  occurrence  in  August. 


a.  Unlike  the  relatively  protected  waters  of  the  inner  harbor,  the  outer  harbor 
is  exposed  not  onlv  to  the  effects  ct  wind,  but  also  waves.  Vessels  are 
advised  to  leave  the  anenorage  tor  open  sea  f  strong  easterly  winds. seas  are 
forecast.  Vessels  can  usually  find  shelter  by  moving  north  through  the  Strait 
of  Mess: r. a  and  staying  in  tne  lee  of  the  coastlines  ot  the  Italian  Peninsula  or 
northern  Sicily.  Protected  anchorage  jiay  ae  tound  at  Palermo  or  m  the  gulf  of 
Caslellammare  or.  Sicily's  north  coast. 


a.  Strong  ki r.:s  with  an  easterly  ccmporent  result  when  a  building  high 
pressure  ceil  over  central  Europe  coincides  with  an  intensifying  low  pressure 
system  ever  Worth  Africa  or  the  Ionian  Sea  date  autumn,  winter!  and  early 
spring;.  Easterly  winds  associated  with  a  Snrocco  event  are  often  preceded  by 
cumuli  for*  clouds  staving  over  the  summit  of  Mount  Etna  (35  n  mi  north* 
northwest  of  August*  feayi.  During  summer  ar,  “Etesian1*  over  the  Aegean  Sea  will 
cause  easterly  swell  at  mjgusta  Pev  4-c  hours  after  Generation. 


Winter 
strong  Spring 
Ivare  summer 
Autumn 


b.  Westerly  wind  -  Strang  winds  fro*  southwest 
through ‘nofthwesT  caused  by  low  pressure  north 
of  Sicily.  Can  aroduce  gusts  to  65  kts  in 
Port,  Maximum  frequency  m  March,  when  events 
can  last  2-3  days. 


b.  Due  to  the  possibility  of  dragging  anchors,  vessels  are  advised  to  leave 
the  port  for  open  sea  if  strong  westerly  winds  are  forecast.  Staying  along 
Sicily’s  east  coast  will  provide  protection  fro*  seas  generated  by  the  weste-iv 
winds.  Vessels  refining  at  anchor  should  use  2  anchors  and  be  awa--?  of  ' 
possible  anchor  dragging.  Small  craft  should  be  well  secured. 


0,  High  winds  wi'h  a  westerly  component  result  when  a  low  pressure  system 
moves  eastward  north  of  Sicily.  Transient  extratropical  lows  should  be 
monitored  closely  to  detect  any  strong  pressure  gradients  which  «.av  affect  the 
Augusta  Say  area.  May  be  called  Libeccio,  Poneote,  or  Maestrale. 


Frortal  Winter 
Spring 
Orographic  Slimmer 
Autumn 


c,  Thunderstorms  -  Possible  with  passing 
rronlarsyslems,'  and  in  the  following  ccfd  air. 
Associated  wind  gusts  and  squalls  to  be 
expected.  Most  common  late  autumn  early  winter 
with  transient  low  centers  passing  south  ct 
Sicily.  Drographically  induced  in  summer. 


c.  Thunderstorms  can  pose  several  problems  to  mariners,  but  the  most 
Significant  are  lightning  strikes  and  strong,  gusty  winds.  Since  little  can 
be  done  to  avoid  lightning  strikes,  vessels  are  limited  to  preventing  damage  by 
high  wind.  All  loose  gear  should  be  secured.  Small  boat  operations  should  be 
curtailed.  Personnel  exposure  on  Heatherdecfes  should  be  minimized. 


c.  Thunderstorm  activity  can  be  ejected  when  a  transient  low  pressure  system 
moves  eastward  south  of  Sicily.  Triunderstorm  activity  occurs  with  passing 
cold/occluded  frontal  systems  and  if  the  cold,  unstable  air  following  the 
Mont.  Thunderstorms  are  Geographically  induced  in  summer  with  onshore  flow. 


Winter 

Spring 

Summer 

Autumn 


d.  Tropical  cyclone  -  Uncommon  in  the 
Mediterranean  buFwTfen  occurring,  would  have  a 
maximum  probability  of  occurrence  in  J ate 
summer  or  early  autumn,  Two  of  the  three 
storms  recorded  since  1?69  have  occurred  in 
September,  with  maxi  mum  winds  of  I0v  kts  on  one 
occasion,  High  winds/  seas/storm  surge 
possible. 


d.  Secause  of  the  potential  for  destruction,  mariners  snouiti  mane  every  efrort 
to  avoid  being  placed  in  the  tract  of  a  tropical  cyclone.  Vessels  should  put 
to  sea  and  ta*e  evasive  action  at  the  first  inoication  that  a  tropical  cyclone 
may  strike  3r  pass  close  by  Augusta  Pay. 


d.  Monitor  satellite  images  and  synoptic  reports  for  early  detection  of  a 
developing  tropical  cyclone.  Approaching  tropical  cyclone  mav  be  indicated  bv 
high,  thin  clouds  in  cyclonic  ally  spiralling,  gradually  thickening  bands  or  by 
uneyp. aifipfl  long-pericd  swell  from  the  southern  semicircle. 


Late  Spring 
Summer 
Early  Autumn 


e.  Sea  breeze  -  Uncommon  until  late  spring, 
when'daiTy  "warming  of  land  mass  is  sufficient 
to  trigger  breeze.  Commonly  occurs  between 
193QL  and  18001,  with  maximum  velocities  of  15- 
25  kts  by  1530L. 


e.  Boating  may  be  curtailed  during  a  strong  event. 


e.  Expected  afternoon  sea  oreeze  from  late  spring  through  early  autumr  with 
warm  temperatures.  A  high  aloft  can  suppress  the  sea  breeze  mechanism. 
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VESSEL 

LOCATION/ SITUATION 

POTENTIAL  HAZARD 

EFFECT  PRECAUTIONARY/EVASIVE  ACTIONS 

ADVANCE  INDICATORS  AND  OTHER  INFORMATION 

ABOUT  POTENTIAL  HAZARD 

3.  floored  -  inner  harbor 

Winter 

Spring 

Summer 

Autumn 

Winter 

Strong  Spring 

Rare  Summer 

Autumn 

Jr  - a-f^l-r-  ^  5 p a  "  tan  be  caused  by 

6reqa^  or  "Sclrocco".  flay  produce  23-26  ft 
i7-8  at  seas  m  outer  haroor.  Stronoest  in 
mnter,  unlikely  in  summer.  "Etesian  winds 
over  Ajeanen  or  eastern  Mediterranean  Sea  can 
4-12*1  12.5-3.5  «)  swell  off 

Sicily,  maximum  occurrence  in  August. 

J:  Westerly  Nind  -  Strong  winds  from  southwest 
through  northwest  caused  by  low  pressure  north 
of  Sicily,  us  Deduce  gusts  to  65  kts  in 

^equency  in  March,  when  events 
can  last  3  days. 

H.’rJii  *0?rir,5  lin5s  s?ouid  be  doubled,  especially  if  the  forecast  wino 

lon  if  perpendicular  to  the  axis  of  the  vessel  and  would  tend  to  force 
the  ship  off  its  mooring,  Secure  loose  gear,  Curtail  small  boat  operation!. 

b.  A,1  mooring  lines  should  be  doubled,  especially  if  the  forecast  wind 

1  ?  P^rPpn,jlc,jiar  to  the  axis  of  the  vessel  and  would  tend  to  tor^e 
the  ship  oft  its  mooring.  Secure  loose  gear.  Curtail  small  boat  operation!. 

pres^£n?e?!nS-J!i5nf!I  f8?terJy  coo?onent  result  when  a  building  nigh 

f stisra*?  h  ixr 

noftwSt'ol'S^i*!*!!!!?  °T  th'  5"*»» 1  ao< C?|°o t °Et iian ( 35rn  l!  wtl-"1"1  ^ 

Sf^si'Lvsr^. i!a  *iU 

b.  High  .,ads  with  s  .esterly  conponent  result  .hen  a  lo»  nressure 

SSySST.  eh  t«filV-  lrS05ie,t  “tr*‘rS !.«  "o S  rt5?4 

Frontal  Winter 

Spring 

Orographic  Summer 

Autumn 

c.  Thunderstorms  -  Possible  with  passing 
frontal  systems,  and  in  the  following  cold  air< 
Assocuteo  wind  gusts  and  squalls  to  be 
ejected.  Most  common  late  autumn  early  winter 
with  transient  low  centers  passing  south  of 
Sicily.  Orographically  induced  in  summer. 

c.  Thunderstorms  can  pose  several  problems  to  mariners,  but  the  most 
signiLcant  are  lightning  strikes  and  strong,  gusty  a,o  s  ISd  little  can 
ni^Tn  °  a;?id,3i^-»ung  strikes,  vessels  are  limited  to  prevent!^  daL  !  oy 

5  loos?  9?ar  sfl0uld  be  secured'  Small  boat  operations  shell dbe 
curtailed.  Personnel  exposure  on  weatherdecks  should  be  minimized. 

i&Kssi  K's^u.if; 

Winter 

Spring 

Summer 

Autumn 

J •  Irop.LCAi  cyclone  -  Uncommon  in  th» 
Mediterranean  but  when  occurring,  would  have  a 
maximum  probability  of  occurrence  in  late 
summer  or  early  autumn.  Two  of  the  three 
storms  recorded  since  1V69  have  occurred  in 
September ,  with  maximum  winds  of  100  kts  on  one 
occasion.  High  winds  seas/storm  surge 
possible.  y 

?:  of  tfe  P^ential  tor  destruction,  mariners  should  make  every  effort 

In  ill  Jn5ejn?  P  dCed  10  5e  traEk1?f  4  tropical  cyclone.  Vessels  should  put 
to  sea  and  take  evasive  action  at  the  first  indication  that  a  tropical  cvclcne 
may  strike  or  pass  close  by  Augusta  Bay,  H  ucne 

r®?  tt'cicKiWis.SA  h. 

Late  Soring 

Summer 
£tr;y  Autumn 

s;  -  Uncommon  until  late  sorino 

when  daily  warming  of  land  mass  is  sufficient 
<Sw1!?r4Sn*2e‘-^M#0?:y  c'::urE  ^ tween 

25  J:eajjd  wl'h  *«»«*  velocities  of  15- 

e.  Boating  cay  be  curtailed  during  a  strong  event. 

- - - - - - j_ 
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VESSEL 

LOCATION/SITUATION 

POTENTIAL  HAZARD 

1  - - - - - 

j  EFFECT  -  PRECAUTIONARY/EVASIVE  ACTIONS 

ADVANCE  INDICATORS  AND  OTHER  INFORMATION 

ABOUT  POTENTIAL  HAZARD 

4  •  (id  1.yin  a-f.tiep  actingjJ  arbor 

Winter 

Spring 

Summer 

Autumn 

Winter 

Strong  Spring 
fare  Sumer 

Autumn 

faster! y  wind/ sea  -  Can  be  canwri  hu 

Sregale'  or  “Scirccco*.  hay  produce  23-26  ft 
u*B  seas  in  outer  harbor.  Strongest  in 
winter,  unlikely  in  summer.  "Etesian  winds 
over  Ageanen  or  eastern  Mediterranean  Sea  can 
cause  d-L  ft  C2.5  -  3.5  m)  swell  oH  eastern 
sicny,  maximum  occurrence  in  August. 

£■  H5*tj£iY,  -  Strong  winds  from  southwest 

«.;rouQ?j  ncrifTwesv  caused  ov  lew  pressure  north 
c+  at ci 1 y.  Car  produce  gusts  to  55  tts  in 

J,ort.  Maximum  frequency  if  March ,  wten  events 
can  ia*t  i-3  days. 

rrr. rf55eiS  <J>5Pro?cfn  ^  Aucusta  Say  should  remain  at  sea  jr  strong  windc  are 
?J%Ll*A  °I/e  hreCt5t  ?or  Vessels  scheduled  to  lea Je V 

ve«eL  Sfrfanrpa^e  °f?epar*  pnSr  to  the  an59t  cf  5tron3  ■»"«*.  All 

effects  o?  Hfftd?  *  current£  outside  the  hlrbor  cue  to  the 

appf °jchir,9  Augusta  Say  should  remain  at  sea  if  strong  winds  are 
hlS  ww  e  forec?st Jcr  the  harbor,  vessels  scheduled  to  leave  the 
* bor  5hou*rf  a> range  ,o  depart  prior  to  the  onset  of  strong  winds. 

- - -  - 1 

blth  fn  ?**terly  co*ocnent  result  when  a  buiiaing  hiqn  i 

3Ui?i;r.EtSrilr  r‘nd*  «*oci*t«‘ »“» *  ;n™c,  5t  ,  VS,a  h  i 

tJitS.jT.fr  ss%ss.2r As,ein  5ei  | 

Frontal  Winter 
.  Sprino 

Orographic  Summer 

Autumn 

5-  thunderstorms  -  Possible  with  passing 
frontal  systems,  and  in  the  following  cold  air. 
Associated  wind  gusts  and  squalls  to  he 
expected,  host  common  late  autumn  eariv  winter 
with  transient  low  centers  passing  south  of 
ascily.  Orograptucally  induced  in  summer. 

cinnIf|2ranfS3^!I,f  Cm  p05e  probl ems  to  manners,  but  the  most 
-.gnificant  are  lightning  strikes  and  strong,  gusty  winds  Since  little  ran 

?J ft,  0  *1?}*,  i£‘:i3  1rifitl  ™  HiitSTto  di«  "by 
curtaW  9  shouH  be  s'cureth  s*ali  ^at  operations  sneui?  beV 
curta* ied.  fersonnel  exposure  on  weatherdecks  should  be  minimized. 

rroht.  TbM4,r,to.M  ar?  oro,r4ph,cilly  ,nd«rt  su..«r  »!ti  cKriTo.. 

Winter 

Spring 

Summer 

Autumn 

jj*  Tropical  cyclone  -  Uncommon  in  the 
Mediterranean  but  when  occurring,  would  have  a 
maximum  probability  of  occurrence  in  late 
summer  or  early  autumn.  Two  of  the  three 
storms  recorded  since  1969  have  occurred  in 
September ,  with  maximum  winds  of  IOC  kts  on  one 
occasion.  High  winds  seas/stor*  surge 
possible. 

d.  ilomtpr  satellite  images  and  synoptic  reports  tor  eartv  detection  of  a 

late  Spring 

Sumasr 

early  Autumn 

e*  Sea  breeze  -  Uncommon  until  late  spring, 
when  daily  warming  of  land  mass  is  sufficient 
.?  trigger  breeze.  Commonly  occurs  between 
jUo>OL  and  18001,  with  maximum  velocities  of  15- 
25  xts  by  1S30U 

e.  Schedule  arrival/departure  during  early  morning  to  avoid  afternoon  wines. 

- * 
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VESSEL 

LQCAT I ON/SITUATION 


POTENTIAL  HAZARD 


EFFECT  - 


PRECAUTIONARY/EVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


5.  Small  boat  operations 

Winter 

Spring 

Summer 

Autumn 


Winter 
Strong  Spring 
Rare  Summer 
Autuan 


Frontal  Winter 
Spring 
Orographic  Summer 
Autumn 


Winter 

Spring 

Summer 

Autumn 


Late  Spring 
Summer 
Early  Autumn 


a.  Easterly  wind/sea  -  Can  be  caused  by 
"GregaTe"  or  "Bcirocco".  May  produce  2o-2 6  ft 
(7-8  m)  seas  in  outer  harbor.  Strongest  m 
winter,  unlikely  in  summer.  "Etesian  winds 
oyer  Aqeanen  or  eastern  Mediterranean  Sea  can 
cause  8-12  ft  (2.5  -  3.5  m)  swell  off  eastern 
Sicily,  maximum  occurrence  in  August. 


a.  Small  boat  operations  should  be  curtailed  if  winds  increase  to  dangerous 
velocities. 


b.  Westerly  wind  -  Strong  winds  from  southwest 
through  northwest  caused  by  low  pressure  north 
of  Sicily.  Can  produce  gusts  to  65  kts  in 
Port.  Maximum  frequency  in  March,  when  events 
can  last  2-3  days. 

c.  Thunderstorms  -  Possible  with  passing 
frontal  systems,  and  in  the  following  cold  air. 
Associated  wind  gusts  and  squalls  to  be 
expected.  Most  common  late  autumn  early  winter 
with  transient  low  centers  passing  south  of 
Sicily.  Orographically  induced  in  summer. 

d.  Tropical  cyclone  -  Uncommon  in  the 
Mediterranean  but  'when  occurring,  would  have  a 
maximum  probability  of  occurrence  in  late 
summer  or  early  autumn.  Two  of  the  three 
storms  recorded  since  1969  have  occurred  in 
September,  with  maximum  winds  of  100  kts  on  one 
occasion.  High  winds/  seas/storu  surge 
possible. 


b.  Small  boat  operations  should  be  curtailed  if  winds  increase  to  dangerous 
velocities. 


c.  Small  boats  should  be  operated  with  extreme  caution,  and  secured  at  the 
first  indication  of  lightning  or  strong  winds. 


d.  All  small  boat  operations  should  cease  at  the  approach  of  the  tropical 
cyclone.  Small  craft  should  be  hoisted  out  of  the  water  and  secured  on  deck 
or,  in  the  case  of  shore-based  boats,  well  above  the  high  tide  line. 


e.  Sea  breeze  -  Uncommon  until  late  spring, 
when”taTTy"war#ing  of  land  mass  is  sufficient 
to  trigger  breeze,  Commonly  occurs  between 
10301  and  1800L,  with  maximum  velocities  of  15- 
25  kts  by  1530L. 


e.  Small  boat  operations 
velocities. 


should  be  curtailed  if  winds  increase  to  dangerous 


a.  strong  winds  with  an  easterly  component  result  when  a  building  high 
pressure  cell  over  central  Europe  coincides  with  an  intensifying  low  pressure 
system  over  North  Africa  or  the  Ionian  Sea  (late  autumn,  winter,  and  early 
spring).  Easterly  winds  associated  with  a  Scirocco  event  are  often  preceded  by 
cunultform  clouds  staying  over  the  summit  of  Mount  Etna  (35  n  mi  north- 
northwest  of  Augusta  Bay).  During  summer  an  "Etesian"  over  the  Aegean  Sea  will 
cause  easterly  swell  at  Augusta  Bay  4-8  hours  after  generation. 

b.  High  winds  with  a  westerly  component  result  when  a  low  pressure  system 
moves  eastward  north  of  Sicily.  Transient  extratropical  iows  should  be 
monitored  closely  to  detect  any  strong  pressure  gradients  which  nay  affect  the 
Augusta  Bay  area.  May  be  called  libeccio,  Ponente,  or  Maestrale. 


c.  Thunderstorm  activity  can  be  expected  when  a  transient  low  pressure  system 
moves  eastward  south  of  Sicily.  Thunderstorm  activity  occurs  with  passing 
cold/occluded  frontal  systems  and  in  the  cold,  unstable  air  following  the 
front,  Thunderstorms  are  orographically  induced  in  summer  with  onshore  flow. 


d,  Monitor  satellite  images  and  synoptic  reports  for  early  detection  of  a 
developing  tropical  cyclone.  Approaching  tropical  cyclone  may  be  indicated  by 
high,  thin  clouds  in  cycloni call y  spiralling,  gradually  thickening  bands  or  by 
unexplained  long-period  swell  from  the  southern  semicircle. 


e.  Expected  afternoon  sea  breeze  from  late  spring  through  early  autumn  with 
warm  temperatures.  A  high  aloft  can  suppress  the  sea  breeze  mechanism. 
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PORT  VISIT  INFORMATION 

JUNE  1985.  NEPRF  meteorologists  R.  Fett  and  R.  Picard 
met  with  Port  Captain  CDR  Bursi  and  Chief  Pilot  Mr. 
Giannossi  to  obtain  much  of  the  information  included  in 
this  port  evaluation. 
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APPENDIX  A 


General  Purpose  Oceanographic  Information 

This  section  provides  general  information  on  wave 
forecasting  and  wave  climatology  as  used  in  this  study. 
The  forecasting  material  is  not  harbor  specific-  The 
material  in  paragraphs  A- 1  and  A- 2  was  extracted  from 
H.O.  Pub.  No.  603,  Practical  Methods  for  Observing  and 
Forecasting  Ocean  Waves  (Pierson,  Neumann,  and  James, 
1955).  The  information  on  fully  arisen  wave  conditions 
(A. 3)  and  wave  conditions  within  the  fetch  region  (A. 4) 
is  based  on  the  JONSWAP  model-  This  model  was  developed 
from  measurements  of  wind  wave  growth  over  the  North  Sea 
in  1973.  The  JONSWAP  model  is  considered  more 
appropriate  for  an  enclosed  sea  where  residual  wave 
activity  is  minimal  and  the  onset  and  end  of  locally 
forced  wind  events  occur  rapidly  (Thornton,  1986),  and 
where  waves  are  fetch  limited  and  growing  (Hasselmann,  et 
al . ,  1976).  Enclosed  sea,  rapid  onset /subsi di ng  local 
winds,  and  fetch  limited  waves  are  more  representat i ve  of 
the  Medi ter r anean  waves  and  winds  than  the  conditions  of 
the  North  Atlantic  from  which  data  was  used  for  the 
Pierson  and  Moskowitz  (P-M)  Spectra  (Neumann  and  Pierson 
1966).  The  P— M  model  refined  the  original  spectra  of 
H.O.  603,  which  over  developed  wave  heights. 

The  primary  difference  in  the  results  of  the 
JONSWAP  and  P-M  models  is  that  it  takes  the  JONSWAP  model 
longer  to  reach  a  given  height  or  fully  developed  seas. 
In  part  this  reflects  the  different  starting  wave 
conditions.  Because  the  propagation  of  waves  from 
surrounding  areas  into  semi— enclosed  seas,  bays,  harbors, 
etc.  is  limited,  there  is  little  residual  wave  action 
following  periods  of  locally  light/calm  winds  and  the  sea 
surface  is  nearly  flat.  A  local  wind  developed  wave 
growth  is  therefore  slower  than  wave  growth  in  the  open 
ocean  where  some  residual  wave  action  is  generally  always 


A— 1 


present-  This  slower  wave  development  is  a  built  in  bias 
in  the  formulation  of  the  JONSWAP  model  which  is  based  on 
data  collected  in  an  enclosed  sea. 


A.  1  Def i ni ti one 

Waves  that  are  being  generated  by  local  winds  are 
called  11  SEA M  ■  Waves  that  have  traveled  out  of  the  gener¬ 
ating  area  are  known  as  "SWELL " .  Seas  are  chaotic  in 
period,  height  and  direction  while  swell  approaches  a 
simple  sine  wave  pattern  as  its  distance  from  the  gener¬ 
ating  area  increases-  An  in-between  state  exists  for  a 
few  hundred  miles  outside  the  generating  area  and  is  a 
condition  that  reflects  parts  of  both  of  the  above  defi¬ 
nitions  -  In  the  Mediterranean  area,  because  its  fetches 
and  open  sea  expanses  are  limited,  SEA  or  IN-  BETWEEN 
conditions  will  prevail.  The  "SIGNIFICANT  WAVE  HEIGHT" 
is  defined  as  the  average  value  of  the  heights  of  the 
one-third  highest  waves.  PERIOD  and  WAVE  LENGTH  refer  to 
the  time  between  passage  of,  and  distances  between,  two 
successive  crests  on  the  sea  surface-  The  FREQUENCY  is 
the  reciprocal  of  the  period  (f  =  1/T)  therefore  as  the 
period  increases  the  frequency  decreases.  Waves  result 
from  the  transfer  of  energy  from  the  wind  to  the  sea 
surface.  The  area  aver  which  the  wind  blows  is  known  as 
the  FETCH,  and  the  length  of  time  that  the  wind  has  blown 
is  the  DURATION.  The  character i st i cs  of  waves  (height, 
length,  and  period)  depend  on  the  duration,  fetch,  and 
velocity  of  the  wind.  There  is  a  continuous  generation 
of  small  short  waves  from  the  time  the  wind  starts  until 
it  stops.  With  continual  transfer  of  energy  from  the 
wind  to  the  sea  surface  the  waves  grow  with  the  older 
waves  leading  the  growth  and  spreading  the  energy  over  a 
greater  range  of  frequencies.  Throughout  the  growth 
cycle  a  SPECTRUM  of  ocean  waves  is  being  developed. 
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Wa  ve  _Sp  ec  trum 


Wave  characteristics  are  best  described  by  means 
o f  their  range  of  -frequencies  and  directions  or  their 
spectrum  and  the  shape  of  the  spectrum.  If  the  spectrum 
of  the  waves  covers  a  wide  range  of  frequencies  and 
directions  (known  as  short-crested  conditions),  SEA 
conditions  prevail.  If  the  spectrum  covers  a  narrow 
range  of  frequencies  and  directions  (long  crested 
conditions),  SWELL  conditions  prevail.  The  wave  spectrum 
depends  on  the  duration  of  the  wind,  length  of  the  fetch, 
and  on  the  wind  velocity.  At  a  given  wind  speed  and  a 
given  state  of  wave  development,  each  spectrum  has  a  band 
of  frequencies  where  most  of  the  total  energy  is 
concentr ated .  As  the  wind  speed  increases  the  range  of 
significant  frequencies  extends  more  and  more  toward 
lower  frequencies  (longer  periods).  The  frequency  of 
maximum  energy  is  given  in  equation  1.1  where  v  is  the 
wind  speed  in  knots. 

f m-x  =  2.476  (1.1) 
v 

The  wave  energy,  being  a  function  of  height  squared, 
increases  rapidly  as  the  wind  speed  increases  and  the 
maximum  energy  band  shifts  to  lower  frequencies.  This 
results  in  the  new  developing  smaller  waves  (higher 
frequencies)  becoming  less  significant  in  the  energy 
spectrum  as  well  as  to  the  observer.  As  larger  waves 
develop  an  observer  will  pay  less  and  less  attention  to 
the  small  waves.  At  the  low  frequency  (high  period)  end 
the  energy  drops  off  rapidly,  the  longest  waves  are 
relatively  low  and  extremely  flat,  and  therefore  also 
masked  by  the  high  energy  frequencies.  The  result  is 
that  57.  of  the  upper  frequencies  and  37.  of  the  lower 
frequencies  can  be  cut-off  and  only  the  remaining 
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frequencies  are  considered  as  the  "si qni f i cant  part  of 
the  wave  spectrum".  The  resulting  range  of  significant 
frequencies  or  periods  are  used  in  defining  a  fully 
arisen  sea.  For  a  fully  arisen  sea  the  approximate 
average  period  for  a  given  wind  speed  can  be  determined 
from  equation  (1.2). 


T  =  0.285v 


(1.2) 

is  period  in 


Where  v  is  wind  speed  in  knots  and  T 
seconds.  The  approximate  average  wave  length  in  a  fully 
arisen  sea  is  given  by  equation  (1.3). 


L  =  3.41  T- 


(1.3) 


Where  L  is  average  wave  length  in  feet  and  T  is  average 
period  in  seconds. 

The  approximate  average  wave  length  of  a  fully  arisen  sea 
can  also  be  expressed  as: 

L  =  . 67"L"  (1.4) 

where  "L"  =  5.12T3,  the  wave  length  for  the  classic  sine 
wave. 

A . 3  Fully  Arisen  Sea  Conditions 


For  each  wind  speed  there  are  minimum  fetch  (n 
mi)  and  duration  (hr)  values  required  for  a  fully  arisen 
sea  to  exist.  Table  A-l  lists  minimum  fetch  and  duration 
values  for  selected  wind  speeds,  values  of  significant 
wave  (average  of  the  highest  1/3  waves)  period  and 
height,  and  wave  length  of  the  average  wave  during 
developing  and  fully  arisen  seas.  The  minimum  duration 
time  assumes  a  start  from  a  flat  sea.  When  pre-existing 
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lower  waves  exist  the  time  to  fetch  limited  height  will 
be  shorter.  Therefore  the  table  duration  time  represents 
the  maximum  duration  required. 


Table  A-l.  Fully  Arisen  Deep  Water  Sea  Conditions  Based 
on  the  JONSWAF'  Model  . 


Wi  nd 
Speed 


Mini  mum 

Fetch /Dur at i on 


Si g  Wave  CHI/3) 
Per i od/Hei ght 


!  (kt ) 

(n  mi  ) 

(hrs) 

(sec ) 

(ft) 

LX  (.5) 

/Arisen  ! 

/L  X  (.67) : 

:  io 

2B 

/ 

4 

4 

/ 

2 

41 

/ 

55  ! 

!  15 

55 

/ 

6 

6 

/ 

4 

92 

/ 

123  I 

1  20 

110 

/ 

8 

8 

/ 

8 

164 

/ 

220  : 

:  25 

160 

/ 

1  1 

9 

/ 

12 

208 

/ 

278  ! 

!  30 

210 

/ 

13 

1  1 

/ 

16 

310 

/ 

415  ! 

!  35 

310 

/ 

15 

13 

/ 

22 

433 

/ 

580  ! 

!  40 

410 

/ 

17 

15 

/ 

30 

576 

/ 

772  : 

NOTES: 

1  Depths  throughout  fetch  and  travel  zone  must  be  greater 
than  1/2  the  wave  length,  otherwise  shoaling  and 
refraction  take  place  and  the  deep  water 

character i sti cs  of  waves  are  modified. 


12  For  the  classic  sine  wave  the  wave  length  (L)  equals 
5.12  times  the  period  (T)  squared  (L  =  5. 127^) .  As 
waves  develop  and  mature  to  fully  developed  waves  and 
then  propagate  out  of  the  fetch  area  as  swell  their 
wave  lengths  approach  the  classic  sine  wave  length. 
Therefore  the  wave  lengths  of  developing  waves  are  less 
than  those  of  fully  developed  waves  which  in  turn  are 
less  than  the  length  of  the  resulting  swell.  The 
factor  of  .5  (developing)  and  .67  (fully  developed) 
reflect  this  relationship. 
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Wave  Conditi ons  Within  The  Fetch  Reqi on 


Waves  produced  by  local  winds  are  referred  to  as 
SEA.  In  harbors  the  local  sea  or  wind  waves  may  create 
hazardous  conditions  for  certain  operations.  Generally 
within  harbors  the  fetch  lengths  will  be  short  and 
therefore  the  growth  of  local  wind  waves  will  be  fetch 
limited.  This  implies  that  there  are  locally  determined 
upper  limits  of  wave  height  and  period  for  each  wind 
velocity.  Significant  changes  in  speed  or  direction  will 
result  in  generation  of  a  new  wave  group  with  a  new  set 
of  height  and  period  limits.  Once  a  fetch  limited  sea 
reaches  its  upper  limits  no  further  growth  will  occur 
unless  the  wind  speed  increases. 


Table  A-2  provides  upper  limits  of  period  and 
height  for  given  wind  speeds  over  some  selected  fetch 
lengths.  The  duration  in  hours  required  to  reach  these 
upper  limits  (assuming  a  start  from  calm  and  flat  sea 
conditions)  is  also  provided  for  each  combination  of 
fetch  length  and  wind  speed.  Some  possible  uses  of  Table 
A-2  information  are: 


1)  If  the  only  waves  in  the  area  are  locally 
generated  wind  waves,  the  Table  can  be  used 
to  forecast  the  upper  limit  of  sea  conditions 
for  combinations  of  given  wind  speeds  and 
fetch  length. 

2)  If  deep  water  swell  is  influencing  the  local 

area  in  addition  to  locally  generated  wind 
waves,  then  the  Table  can  be  used  to 
determine  the  wind  waves  that  will  combine 
with  the  swell.  Shallow  water  swell 
conditions  are  influenced  by  local  bathymetry 
(refraction  and  shoaling)  and  will  be 

addressed  in  each  specific  harbor  study. 

3)  Given  a  wind  soeed  over  a  known  fetch  length 
the  maximum  significant  wave  conditions  and 
time  needed  to  reach  this  condition  can  be 
determined. 
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Table  A-2.  Fetch  Limited  Wind  Wave  Conditions  and  Time 
Required  to  Reach  These  Limits  (Based  on  JDNSWAP  Model), 
Enter  the  table  with  wind  speed  and  fetch  length  to  de¬ 
termine  the  significant  wave  height  and  period,  and  time 
duration  needed  for  wind  waves  to  reach  these  limiting 
factors.  All  of  the  fetch/speed  combinations  are  fetch 
limited  except  the  100  n  mi  fetch  and  18  kt  speed. 

Format  s  height  (feet) /period  (seconds) 
duration  required  (hours) 


!  Fetch  \  Wind  Speed 
!  Length  \  IB 

(kt ) 

24 

30 

36 

42 

1  (n  mi  ) 

!  10 

2/3-4 

1-2 

3/3-4 

3-4/4 

4/4-5 

1-2 

5/5 

1-2 

:  20 

3/4-5 

2-3 

4/4-5 

3 

5/5 

3 

6/5-6 

3-4 

7/5-6 

3 

!  30 

3-4/5 

3 

5/5-6 

4 

6/6 

3-4 

7/6 

3-4 

8/6-7 

3 

!  40 

4-5/5-6 

4-5 

5/6 

4 

6—7/ 6—7 

4 

8/7 

4 

9-10/7-8 

3-4 

!  100 

5/6-71 

5-6 

9/8 

8 

11/9 

7 

13/9 

7 

15-16/9-10 

7 

1  18  kt  winds  are  not  fetch  limited  over  a  100  n  mi  fetch. 

An  example  of  expected  wave  conditions  based  on  Table  A-2  follows: 
WIND  FORECAST  OR  CONDITION 

An  offshore  wind  of  about  24  kt  with  a  fetch  limit  of  20 
n  mi  (ship  is  20  n  mi  from  the  coast)  is  forecast  or  has 
been  occurring. 

SEA  FORECAST  QR  CONDITION 

From  Table  A-2:  If  the  wind  condition  is  forecast  to 
last,  or  has  been  occurring,  for  at  least  3  hours: 

Expect  sea  conditions  of  4  feet  at  4-5  second 
period  to  develop  or  exist.  If  the  condition 
lasts  less  than  3  hours  the  seas  will  be  lower. 
If  the  condition  lasts  beyond  3  hours  the  sea 
will  not  grow  beyond  that  developed  at  the  end 
of  about  3  hours  unless  there  is  an  increase  in 
wind  speed  or  a  change  in  the  direction  that 
results  in  a  longer  fetch. 
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Wave_  Cl  i  matol  oqy 


The  wave  climatology  used  in  these  harbor  studies 
is  based  on  11  years  of  Mediterranean  SOWM  output.  The 
MED-SOWM  is  discussed  in  Volume  II  of  the  U.S.  Naval 
Oceanography  Co  mm  an  d  _  Num  e  r_i  c  a  1 _ E  n  vi  r^on  mental  Products 

Manual  (1986).  A  deep  water  MED-SOWM  grid  point  was 
selected  as  representative  of  the  deep  water  wave 
conditions  outside  each  harbor.  The  deep  water  waves 
were  then  propagated  into  the  shallow  water  areas.  Using 
linear  wave  theory. and  wave  refraction  computations  the 
shallow  water  climatology  was  derived  from  the  modified 
deep  water  wave  conditions.  This  climatology  does  not 
include  the  local  wind  generated  seas.  This  omission,  by 
design,  is  accounted  for  by  removing  all  wave  data  for 
periods  less  than  6  seconds  in  the  climatology.  These 
shorter  period  waves  are  typically  dominated  by  locally 
generated  wind  waves. 

A . 6  Propagation  of  Deep  Wat er  Swell  Into  Shallow  Water  Areas 

When  deep  water  swell  moves  into  shallow  water 
the  wave  patterns  are  modified,  i.e.,  the  wave  heights 
and  directions  typically  change,  but  the  wave  period 
remains  constant.  Several  changes  may  take  place  in¬ 
cluding  shoaling  as  the  wave  feels  the  ocean  bottom,  re¬ 
fraction  as  the  wave  crest  adjusts  to  the  bathymetry 
pattern,  changing  so  that  the  crest  becomes  more  parallel 
to  the  bathymetry  contours,  friction  with  the  bottom 
sediments,  interaction  with  currents,  and  adjustments 
caused  by  water  temperature  gradients.  In  this  work, 
only  shoaling  and  refraction  effects  are  considered. 
Consideration  of  the  other  factors  are  beyond  the 
resources  available  for  this  study  and,  furthermore,  they 
are  considered  less  significant  in  the  harbors  of  this 
study  than  the  refraction  and  shoaling  factors. 

To  determine  the  conditions  of  the  deep  water 
waves  in  the  shallow  water  areas  the  deep  water 
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obtained 


conditions  were  -first  obtained  from  the  Navy's 
operational  MED-SOWM  wave  model.  The  bathymetry  for  the 
harbor/area  of  interest  was  extracted  from  available 
charts  and  digitized  for  computer  use.  Figure  A-l  is  a 
sample  plot  of  bathymetry  as  used  in  this  project.  A  ray 
path  ref r act i on/shoal i ng  program  was  run  ’for  selected 
combinations  of  deep  water  wave  direction  and  period. 
The  selection  was  based  on  the  near  deep  water  wave 
climatology  and  harbor  exposure.  Each  study  area 
requires  a  number  of  ray  path  computations.  Typically 
there  are  3  or  4  directions  <at  30°  increments)  and  5  or 
6  periods  (at  2  second  intervals)  of  concern  for  each 
area  of  study.  This  results  in  15  to  24  plots  per 
area/harbor.  To  reduce  this  to  a  manageable  format  for 
quick  reference,  specific  locations  within  each  study 
area  were  selected  and  the  information  was  summarized  and 
is  presented  in  the  specific  harbor  studies  in  tabular 
form. 
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Figure  A-l 

project. 

intervals 

intervals 

anchorage 


.  Example  plot  of  bathymetry  (Naples  harbor)  as  used  in  this 
For  platting  purposes  only,  contours  are  at  50  -fathom 
from  an  initial  10  fathoms  to  110  fathoms,  and  at  100  fathom 
thereaf ter .  The  larger  size  numbers  identify  specific 
areas  addressed  in  the  harbor  study. 
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WASHINGTON,  DC  20301-5000 


USCINCLANT 
NAVAL  BASE 
NORFOLK,  VA  23511 


ASST.  FOR  ENV.  SCIENCES 
ASST.  SEC.  OF  THE  NAVY  (R&D) 
ROOM  5E731,  THE  PENTAGON 
WASHINGTON,  DC  20350 


OFFICE  OF  NAVAL  RESEARCH 
ENV.  SCI.  PROGRAM,  CODE  112 
ARLINGTON,  VA  22217-5000 


OFFICE  OF  NAVAL  RESEARCH 
CODE  1122  PO,  PHYSICAL  OCEANO. 
ARLINGTON,  VA  22217-5000 


CHIEF  OF  NAVAL  OPERATIONS 
(0P-006) 

U.S.  NAVAL  OBSERVATORY 
WASHINGTON,  DC  20390 


CHIEF  OF  NAVAL  OPERATIONS 
U.S.  NAVAL  OBSERVATORY 
DR.  RECHNITZER,  0P-952F 
34TH  &  MASS  AVE. 
WASHINGTON,  DC  20390 


COMMANDANT  OF  THE  MARINE  CORPS 
HDQ,  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20380 


OFFICER  IN  CHARGE 
NAVOCEANCOMDET 
NAVAL  STATION 
CHARLESTON,  SC  29408-6475 


COMMANDER  IN  CHIEF 
U.S.  CENTRAL  COMMAND 
MACDILL  AFB,  FL  33608 


CHIEF  OF  NAVAL  RESEARCH  (2) 
LIBRARY  SERVICES,  CODE  784 
BALLSTON  TOWER  #1 
800  QUINCY  ST. 

ARLINGTON,  VA  22217-5000 


OFFICE  OF  NAVAL  RESEARCH 
ATTN:  PROGRAM  MANAGER,  1122CS 
ARLINGTON,  VA  22217-5000 


OFFICE  OF  NAVAL  RESEARCH 
CODE  1122  MM,  MARINE  METEO. 
ARLINGTON,  VA  22217-5000 


CHIEF  OF  NAVAL  OPERATIONS 
NAVY  DEPT.,  0P-622C 
WASHINGTON,  DC  20350 


CHIEF  OF  NAVAL  OPERATIONS 
0P-952D 

U.S.  NAVAL  OBSERVATORY 
WASHINGTON,  DC  20390 


DIRECTOR 

NATIONAL  SECURITY  AGENCY 
ATTN:  LIBRARY  (2C029) 

FT.  MEADE,  MD  20755 


OFFICER  IN  CHARGE 
U.S.  NAVOCEANCOMDET 
BOX  16 

FPO  NEW  YORK  09593-5000 
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OFFICER  IN  CHARGE 
NAVOCEANCOMDET 

NAVAL  EDUCATION  &  TRNG  CENTER 
NEWPORT,  RI  02841-5000 


OFFICE  OF  NAVAL  RESEARCH 
SCRIPPS  INSTITUTION  OF 
OCEANOGRAPHY 
LA  JOLLA,  CA  92037 


COMMANDER 

NAVAL  OCEANOGRAPHY  COMMAND 
NSTL,  MS  39529-5000 


CHAIRMAN 

OCEANOGRAPHY  DEPT. 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 


LIBRARY 

NAVAL  POSTGRADUATE  SCHOOL 
MONTEREY,  CA  93943-5002 


COMSPAWARSYSCOM 
ATTN:  CAPT.  R.  PLANTE 
CODE  3213,  NAVY  DEPT. 
WASHINGTON,  DC  20363-5100 


DIRECTOR 

NAVSURFWEACEN,  WHITE  OAKS 
NAVY  SCIENCE  ASSIST.  PROGRAM 
SILVER  SPRING,  MD  20903-5000 


3350TH  TECH.  TRNG  GROUP 
TTGU/2/ST0P  623 
CHANUTE  AFB,  IL  61868 


OFFICER  IN  CHARGE 
U.S.  NAVOCEANCOMDET 
APO  NEW  YORK  09406-5000 


COMMANDING  OFFICER 
NAVAL  OCEAN  RSCH  &  DEV  ACT 
NSTL,  MS  39529-5004 


COMNAVOCEANCOM 
ATTN:  CODE  N5 
NSTL,  MS  39529-5000 


DIRECTOR  OF  RESEARCH 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 


PRESIDENT 

NAVAL  WAR  COLLEGE 

GEOPHYS.  OFFICER,  NAVOPS  DEPT. 

NEWPORT,  RI  02841 


COMMANDER,  D.W.  TAYLOR  NAVAL 
SHIP  RSCH.  &  DEV.  CENTER 
SURFACE  SHIP  DYNAMICS  BRANCH 
ATTN:  S.  BALES 
BETHESDA,  MD  20084-5000 


COMMANDING  GENERAL 
FLEET  MARINE  FORCE,  LANT  (G4) 
ATTN:  NSAP  SCIENCE  ADVISOR 
NORFOLK,  VA  23511 


OFFICER  IN  CHARGE 
SERVICE  SCHOOL  COMMAND 
DET.  CHANUTE/STOP  62 
CHANUTE  AFB,  IL  61868 


COMMANDING  OFFICER 
NAVAL  RESEARCH  LAB 
ATTN:  LIBRARY,  CODE  2620 
WASHINGTON,  DC  20390 


COMMANDING  OFFICER 
FLEET  INTELLIGENCE  CENTER 
(EUROPE  &  ATLANTIC) 
NORFOLK,  VA  23511 


SUPERINTENDENT 
LIBRARY  REPORTS 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 


NAVAL  POSTGRADUATE  SCHOOL 
OCEANOGRAPHY  DEPT. 
MONTEREY,  CA  93943-5000 


COMMANDER 

NAVAL  SAFETY  CENTER 
NAVAL  AIR  STATION 
NORFOLK,  VA  23511 


COMMANDER 

NAVSURFWEACEN,  CODE  R42 
DR.  B.  KATZ,  WHITE  OAKS  LAB 
SILVER  SPRING,  MD  20903-5000 


USAFETAC/TS 
SCOTT  AFB,  IL  62225 


COMMANDING  OFFICER 
U.S.  ARMY  RESEARCH  OFFICE 
ATTN:  GEOPHYSICS  DIV. 

P.O.  BOX  12211 
RESEARCH  TRIANGLE  PARK,  NC 
27709 
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COMMANDER 

COASTAL  ENGINEERING  RSCH  CEN 
KINGMAN  BLDG. 

FT.  BELVOIR,  VA  22060 


DIRECTOR,  ENV.  &  LIFE  SCI. 
OFFICE  OF  UNDERSECRETARY  OF 
DEFENSE  FOR  RSCH  &  ENG  E&LS 
RM.  3D129,  THE  PENTAGON 
WASHINGTON,  DC  20505 


COMMANDANT 

DEFENSE  LOGISTICS  STUDIES 
INFORMATION  EXCHANGE 
ARMY  LOGISTICS  MANAGEMENT 
CENTER 

FORT  LEE,  VA  23801 

COMMANDING  OFFICER 
USCG  RESTRACEN 
YORKTOWN,  VA  23690 


FEDERAL  COORD.  FOR  METEORO. 
SERVS.  &  SUP.  RSCH.  (OFCM) 
11426  ROCKVILLE  PIKE 
SUITE  300 

ROCKVILLE,  MD  20852 


NOAA  RSCH  FACILITIES  CENTER 
P.O.  BOX  520197 
MIAMI,  FL  33152 


HEAD 

OFFICE  OF  OCEANO.  &  LIMNOLOGY 
SMITHSONIAN  INSTITUTION 
WASHINGTON,  DC  20560 


SCIENCE  APPLICATIONS 

INTERNATIONAL  CORP.  (SAIC) 
205  MONTEC ITO  AVE. 

MONTEREY,  CA  93940 


DIRECTOR 

LIBRARY,  TECH.  INFO.  CEN. 
ARMY  ENG.  WATERWAYS  STN. 
VICKSBURG,  MS  39180 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN:  OCR  STANDARD  DIST. 
WASHINGTON,  DC  20505 


COMMANDANT 

U.S.  COAST  GUARD 

WASHINGTON,  DC  20226 


COMMANDING  OFFICER 
USCG  RSCH  &  DEV.  CENTER 
GROTON,  CT  06340 


NATIONAL  CLIMATIC  CENTER 
ATTN:  L.  PRESTON  D542X2 
FEDERAL  BLDG.  -  LIBRARY 
ASHEVILLE,  NC  28801 


DIRECTOR 

ATLANTIC  MARINE  CENTER 
COAST  &  GEODETIC  SURVEY,  NOAA 
439  W.  YORK  ST. 

NORFOLK,  VA  23510 


SCRIPPS  INSTITUTION  OF 
OCEANOGRAPHY,  LIBRARY 
DOCUMENTS/REPORTS  SECTION 
LA  JOLLA,  CA  92037 


OCEANROUTES,  INC. 

680  W.  MAUDE  AVE. 
SUNNYVALE,  CA  94086-3518 


DIRECTOR  (12) 

DEFENSE  TECH.  INFORMATION 
CENTER,  CAMERON  STATION 
ALEXANDRIA,  VA  22314 


DIRECTOR,  TECH.  INFORMATION 
DEFENSE  ADV.  RSCH  PROJECTS 
1400  WILSON  BLVD. 

ARLINGTON,  VA  22209 


CHIEF,  MARINE  SCI.  SECTION 
U.S.  COAST  GUARD  ACADEMY 
NEW  LONDON,  CT  06320 


OCEANOGRAPHIC  SERVICES  DIV. 
NOAA 

6010  EXECUTIVE  BLVD. 
ROCKVILLE,  MD  20852 


DIRECTOR 

NATIONAL  OCEANO.  DATA  CENTER 
E/0C23,  NOAA 
WASHINGTON,  DC  20235 


CHIEF,  INTERNATIONAL  AFFAIRS 
NATIONAL  WEATHER  SERVICE 
8060  13TH  STREET 
SILVER  SPRING,  MD  20910 


WOODS  HOLE  OCEANO.  INST. 
DOCUMENT  LIBRARY  L0-206 
WOODS  HOLE,  MA  02543 


MR.  W.  G.  SCHRAMM/WWW 
WORLD  METEOROLOGICAL 
ORGANIZATION 

CASE  POSTALE  #5,  CH-1211 
GENEVA,  SWITZERLAND 
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DIRECTOR,  INSTITUTE  OF 
PHYSICAL  OCEANOGRAPHY 
HARALDSGADE  6 
2200  COPENHAGEN  N. 
DENMARK 


MINISTRY  OF  DEFENCE 
NAVY  DEPARTMENT 
ADMIRALTY  RESEARCH  LAB 
TEDDINGTON,  MIDDX 
ENGLAND 


METEOROLOGIE  NATIONALE 
SMM/DOCUMENTATION 
2,  AVENUE  RAPP 
75340  PARIS  CEDEX  07 
FRANCE 


DIRECTION  DE  LA  METEOROLOGIE 
ATTN:  J.  DETTWILLER,  MN/RE 
77  RUE  DE  SEVRES 
92106  BOULOGNE-BILLANCOURT 
CEDEX,  FRANCE 


INSTITUT  FUR  MEERESKUNDE  DER 
UNIVERSITAT  HAMBURG 
HEIMHUDERSTRASSE  71 
2000  HAMBURG  13 
FEDERAL  REPUBLIC  OF  GERMANY 


CONSIGLIO  NAZIONALE  DELLE 
RICERCHE 

ISTITUTO  TALASSOGRAFICO  DI 
TRIESTE,  VI ALE  R.  GESSI  2 
34123  TRIESTE,  ITALY 


DIRECTOR  OF  NAVAL 
OCEANO.  &  METEOROLOGY 
MINISTRY  OF  DEFENCE 
OLD  WAR  OFFICE  BLDG. 
LONDON,  S.W.l.  ENGLAND 


THE  BRITISH  LIBRARY 
SCIENCE  REFERENCE  LIBRARY 
25  SOUTHAMPTON  BLDGS. 
CHANCERY  LANE 
LONDON  WC2A  1AW 


COMMANDER  IN  CHIEF  FLEET 
ATTN:  STAFF  METEOROLOGIST  & 
OCEANOGRAPHY  OFFICER 
NORTHWOOD,  MIDDLESEX  HA6  3HP 
ENGLAND 


LIBRARY,  INSTITUTE  OF 
OCEANOGRAPHIC  SCIENCES 
ATTN:  DIRECTOR 
WORMLEY,  GODALMING 
SURRY  GU8  5UB,  ENGLAND 


SERVICE  HYDROGRAPHIQUE  ET 
OCEANOGRAPHIQUE  DE  LA  MARINE 
ESTABLISSEMENT  PRINCIPAL 
RUE  DU  CHATELLIER,  B.P.  426 
29275  -  BREST  CEDEX,  FRANCE 


METEOROLOGIE  NATIONALE 
1  QUA I  BRANLY 
75,  PARIS  (7) 

FRANCE 


OZEANOGRAPHISCHE 
FORSCHUNGSANTALT  BUNDESWEHR 
LORNSENSTRASSE  7,  KIEL 
FEDERAL  REPUBLIC  OF  GERMANY 


INSTITUT  FUR  MEERESKUNDE 
AN  DER  UNIVERSITAT  KIEL 
DUSTERNBROOKER  WEG  20 
23  KIEL 

FEDERAL  REPUBLIC  OF  GERMANY 


DIRECTOR,  DEUTSCHES 
HYDROGRAPHISCHES  INSTITUT 
TAUSCHSTELLE,  POSTFACH  220 
D2000  HAMBURG  4 
FEDERAL  REPUBLIC  OF  GERMANY 


ISTITUTO  UNIVERSITARIO  NAVALE  A 
FACILTA  DI  SCIENZE  NAUTICHE 
ISTITUTO  DI  METEOROLOGIA  E 
OCEANOGRAFIA,  80133  NAPOLI  - 
VIA  AMM,  ACTON,  38  ITALY 


DIRECTOR,  SACLANT  ASW 
RESEARCH  CENTRE 
VIALE  SAN  BARTOLOMEO,  400 
1-19026  LA  SPEZIA,  ITALY 
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DUDLEY  KNOX  LIBRARY  -  RESEARCH  REPORTS 


5  6853  01078060  4 


U 236843 


